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ABSTRACT
The increase in demand for additive manufacturing technologies necessitates from its po-
tential applications in various fields that could benefit tremendously. Some of these include,
the medical field, where doctors can build a model of any damaged body part and analyze it
for pre-treatment planning, aerospace industry, where they use rapid prototyping to model
structures with a goal to reduce the weight, and even artists use it to explore their creativ-
ity, and more recently, printed electronics. Over the last few decades, what originated as
rapid prototyping, diverged and evolved to accommodate more specific manufacturing needs.
Some of these new technologies such as Stereolithography, Vacuum deposition, Electroless
plating, etc. have further evolved to satisfy the time and cost demands of current systems.
Drop-on-Demand (DoD) or Inkjet printing is one such technology that can print high reso-
lution features precisely in a timely and inexpensive manner. As mentioned earlier, one area
of application that could benefit vastly from DoD printing is printed electronics, specifically
optoelectronics such as solar cells which is a $2 billion/ year industry. However, printed
electronics have advanced to a point where the demand for a new class of materials with
unique properties that target future technologies is extremely. For example, future Silicon
Heterojunction (SHJ) solar cells have top-layer Transparent conducting oxides (TCO’s) that
are extremely temperature sensitive.
Therefore, the demand for newer conductive inks that are compatible with these future
technologies that require them to be stable at lower temperatures has increased. Recent
exploration into silver precursor inks has yielded promising results. For example, silver
compounds with carbamate or other relatively low molecular weight ligands (compared to
polymer stabilizers) have been synthesized that decompose at temperatures near 150 °C,
yielding electrical conductivities approaching that of bulk silver. Unfortunately, even these
temperatures render the ink incompatible with many plastic and paper substrates used in
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flexible electronic and biomedical devices along with the above mentioned Silicon Hetero-
junction (SHJ) solar cells. Reactive inks are a viable alternative to the current technology
that involves screen printing of metallic pastes, offering a low-cost, higher performance alter-
native to these traditional, particle-based inks. However, one of the major challenges when
using reactive inks is their high sensitivity of print morphologies to processing parameters
such as substrate temperature, ink composition, thermo-physical properties of solvents, etc.
In order to control morphologies of reactive inks, the underlying mechanisms that drive
the reaction kinetics must be understood. Currently, very little is know about the mass
transport kinetics of printed reactive inks or their impact on morphology and material prop-
erties. While numerous models exist to guide the design of colloidal/particle based inks
and solute/precipitating inks (e.g., salts, polymers, proteins) so that a desired morphology
can be targeted, no models exist for reactive inks that include the kinetics of the reduction
reaction, particle nucleation, and particle growth.
This work will develop the understanding necessary to control the morphology of printed
reactive inks. This outcome will be accomplished by experimentally measuring the chemical
and mass flow kinetics of self-reducing silver and copper reactive inks and then correlating
those kinetics to the mass and thermal transport phenomena involved in droplet evapora-
tion/evolution so that particle nucleation, growth, aggregation, and chemical sintering can
be properly modeled and morphology predicted. The heat and mass transport of both re-
actants and particles within the droplet will be modeled in multiphysics simulations and
combined with kinetic models of the reduction process to predict particle formation rate as
a function of fluid properties (surface tension, viscosity) and reduction kinetics (activation
energy, concentration, temperature).
Overall, this work will improve the quality of materials printed using reactive inks by
understanding the mechanisms that contribute to overall morphology and using this insight
to design inks, print processes, and post-print processes for broad classes of reactive ink ma-
terials (low cost metals, magnetics, oxides). This study will also help develop new knowledge
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on how ligand selection, reduction activation energy, solvent properties, contact angle, and
substrate temperature dictate the physical phenomena that control physical structure.
v
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The promise of garnering unprecedented control over the design of electronic components
via printed electronics has been the subject of serious semiconductor research since the
beginning of the millennium. More recently, printed electronics using conductive inks rather
than traditional lithography techniques is causing a shift in paradigm, with this technology
steadily moving out of the research phase with chipmakers starting to think about how to
scale and commercialize this technology. Unlike traditional semiconductors, which use tiny
wires as circuits, printed electronics rely on conductive inks that can be printed on almost
anything instigating a slew of design opportunities that have captured the imagination of
chipmakers across multiple industries. The potential for this technologies application are
seemingly endless with researchers targeting printing of conductive threads inside of clothing,
or even circuitry inside of building materials. IDTechX, one of the worlds’ leading electronics
companies, predicts that the market for printed, flexible, and organic electronics will reach
$73.43 billion in 2027, a projected growth of more than $44 billion, from $29.28 billion in
2017. The majority of this market, according to IDTechEx, is comprised of OLEDs (organic
light emitting diodes, a flat light-emitting technology) and conductive ink that’s used in
a wide variety of applications. They also identify a few key areas of tremendous potential
growth including stretchable electronics, logic and memory, and thin film sensors, three areas
which are just emerging from the R&D phase. However, in reality, this transition has proven
more difficult than imagined. This is partly because, printed electronics have advanced to
a point where the demand for a new class of materials with unique properties that target
future technologies is extremely high. These future technologies have potential applications
in of photovoltaics, batteries, transistors, displays and sensors [1–5].
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For example, in the photovoltaics industry, the formation of low-resistance ohmic con-
tacts is an important concern especially in solar cells.. The achievement of such contacts
requires in some cases the formation of an alloy between the deposited metal or metal stack
and the semiconductor, like titanium nitride to contact gallium nitride and a variety of metal
silicides to contact silicon or silicon carbide [6]. The necessary high temperature step to form
these alloys might then become a problem for thermally sensitive device layers, such as other
metals, organic active absorbers or substrates, or amorphous materials. The latter problem is
well exemplified by the cases of Heterojunction with Intrinsic Thin layer (HIT) solar cells [7]
and other new carrier selective contact (CSC) solar cells that use intrinsic hydrogenated
amorphous silicon ((i) a-Si:H) as a surface passivation layer for the base absorber [8,9]. Fur-
thermore, a transparent conducting oxide (TCO) is usually employed to increase collection
efficiency when the top layer lacks good lateral conductivity [10]. Therefore, in such applica-
tions, the current technology that uses polymer pastes containing micron-sized metal flakes
(usually Ag or Ag alloys) would be unsuitable. This is because, the desired patterns are ob-
tained by thermally curing the pastes at high temperatures in order to decompose stabilizing
agents and the polymeric additives that inhibit electrical conductivity for extended periods
of time which makes these pastes unsuitable for these applications.
Therefore, the demand for newer conductive inks that are compatible with these future
technologies that require them to be stable at lower temperatures has increased. Recent
exploration into silver precursor inks has yielded promising results. For example, silver
compounds with carbamate or other relatively low molecular weight ligands (compared to
polymer stabilizers) have been synthesized that decompose at temperatures near 150 °C,
yielding electrical conductivities approaching that of bulk silver. Unfortunately, even these
temperatures render the ink incompatible with many plastic [11] and paper [12,13] substrates
used in flexible electronic and biomedical devices along with the above mentioned Silicon
Heterojunction (SHJ) solar cells.
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Reactive inks are a viable solution to this problem, offering a low-cost, higher performance
alternative to these traditional, particle-based inks. If developed, these reactive inks could
be used to enable printing a wider range of materials at lower processing costs and can be
used for applications where higher-feature resolution, high conductivity, and soft-handling
are paramount. This in combination with Drop-on-demand (DOD) or inkjet printing opens
up a broad range of applications that facilitate integration of multiple materials on a single
platform in a highly convenient and inexpensive manner.
In contrast to DOD systems, conventional electronic systems are traditionally fabricated
using photolithography. It is also known as optical lithography or UV lithography as it
uses transfer of light of a geometric pattern of desire onto a photomask. This light is then
transferred from the photomask onto a photosensitive chemical photoresist n the substrate.
In order to get the final pattern, a series of chemical treatments and etch steps are required.
This makes the entire process an extremely complex and time consuming multi-step process
that is also expensive [14].
Microcontact printing is another alternative that is a form of soft lithography that uses
the relief patterns on a master polydimethylsiloxane (PDMS) stamp to form patterns of
self-assembled monolayers (SAMs) of ink on the surface of a substrate through conformal
contact as in the case of nano-transfer printing (nTP). Although this process is inexpensive,
the primary limitations of the photolithography still apply to this process [15].
Another conventional process, vacuum deposition, involves deposition layers of material
molecule-by-molecule on a solid substrate. Using this process, multiple layers of different
materials can be used, for example to form optical coatings. While this process is not as
expensive as photolithography and brings about more flexibility, it can often be very time and
energy consuming. This could be an issue when trying to scale the parts or processes [14].
A common method for metal deposition is electroless plating that has been around for a
couple of decades. It is also known as autocatalytic plating, or conversion coating, and is a
way of plating your part without using an external power source. The process involves placing
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the part in an aqueous solution and depositing nickel, creating a catalytic reduction of nickel
ions to plate the part without any electrical energy dispersal. Unlike electroplating, this is
a purely chemical process, with no extra machines or electrical power necessary. Although
this process is much simpler than some of the other processes listed, it is rather slow, usually
does not enable high resolution, requires the use of environmentally undesirable chemicals,
and results also in formation of a large amounts of chemical waste [16].
One of the best alternative techniques for printed electronics that addresses most of the
challenges posed by other processes is screen printing. It is a simple process that involves
only two steps, ink deposition followed by curing at high temperatures. However, this process
used metals nanoparticles suspended in polymer stabilizing solutions as mentioned earlier
which is the reason the high temperature curing step is required. While this process is widely
used for a large range of applications, it would still be unsuitable for future low-temperature
requirements. Furthermore, this process is expensive due to the rather large amount of
ink required relative to the yield and is suitable only for non-fragile substrates due to the
contact-mode of printing.
Inkjet printing or DOD printing is therefore, one of the best alternatives that addresses
most of the challenges posed by the other techniques. DOD printing is a non-contact printing
technology in which droplets of ink are jetted from a small orifice in a printhead, directly
to a specified position on a substrate, as a result of pressure developed after an electronic
signal has been sent to the printhead. The electronic signal affects the printhead due to the
fact that it contains a piezoelectric driver inside of it. Most of the inkjet printers today use
either thermal or piezoelectric printheads. Therefore, DOD printing technique offers a high-
quality and low cost alternative while being faster and cheaper compared to conventional
methods. In this regard, this technology is a very attractive means for direct metallization
and is the chosen technique for my printing. A schematic representation of the DOD printing
technology is shown in Figure 1.1.
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Figure 1.1: Schematic showing the principle behind Drop-on-demand (DOD) printing. Con-
ductive ink stored in a reservoir is fed to the nozzle via application of positive pressure.
The ink is then dispensed via the nozzle containing a piezoelectric transducer. The trans-
ducer receives a voltage pulse to achieve/ control droplet formation. Droplets are dispensed
sequentially onto a moving substrate that is heated to achieve the desired structure.
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As mentioned earlier, DOD in combination with reactive inks would create a disrup-
tive technology that would impact many areas, including photovoltaics, microelectronics,
and microfluidics. While traditional inks effectively print clusters of particles that require
additional sintering steps to produce a solid film with reasonable material properties, reac-
tive inks print chemical reactions that produce solid material with good material properties
without any additional processing steps [17–25].
Figure 1.2 a, shows a schematic representation traditional particle inks vs. reactive inks.
Traditional, particle-based inks print clusters of particles with morphology largely deter-
mined by mass transport of particles within the drying droplet. Therefore, in order to enable
effective evaporation of the polymeric binders/ stabilizers and to facilitate mass transport
of particles within the drying droplet, an additional sintering step at high temperatures for
extended periods of time that could be detrimental to future low-temperature technologies
is required. In contrast, reactive inks contain chemical precursors (metal salts, reducing
agents, ligand/chelating agents) and print chemical reactions that react when deposited on
substrates to form solid metal without the need for any additional curing steps.
Some of the potential applications of these reactive inks also pose challenges when using
reactive ink systems as shown in Figure 1.2 b and Figure 1.2 c. The print morphologies using
reactive inks are extremely sensitive to solvent vapor pressure, concentration and substrate
temperature with porosities of printed films ranging from 50- 90 %. This is discussed in
more detail in chapter 2.
Therefore, if designed properly, these reactive ink systems can be used to print extremely
dense films that could target printing of electrical contacts or extremely porous films for
aerosol printing. This opens up a wide range of applications of reactive ink systems.
In order to control morphologies of reactive inks, the underlying mechanisms that drive
the reaction kinetics must be understood. Currently, very little is know about the mass trans-
port kinetics of printed reactive inks or their impact on morphology and material properties.
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Figure 1.2: a) Schematic illustrating the difference between traditional particle-based inks
that print clusters of particles and reactive inks that print continuous metal, b) SEM micro-
graphs showing the difference that solvent vapor pressure has on morphology and porosity,
and c) Further examples of the sensitivity of reactive inks to small changes in solvent, con-
centration, or substrate temperature.
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While numerous models exist to guide the design of colloidal/particle based inks [26–30] and
solute/precipitating inks (e.g., salts, polymers, proteins) so [31–37]that a desired morphology
can be targeted, no models exist for reactive inks that include the kinetics of the reduction
reaction, particle nucleation, and particle growth. Unlike colloidal particle inks and solute
precipitating inks, reactive inks see an increase in particle formation with increased tem-
peratures regardless of solvent evaporation rate. In order to control the morphology and
structured-dependent material properties of printed reactive inks, the temperature and con-
centration dependent kinetics of the reduction reaction must be studied in the context of
the mass and thermal transport within picoliter droplets on a heated substrate. Reactive
inks therefore, do not evolve/ dry in the same manner as traditional colloidal inks [38–41].
This work will develop the understanding necessary to control the morphology of printed
reactive inks. This outcome will be accomplished by experimentally measuring the chemical
and mass flow kinetics of self-reducing silver and copper reactive inks and then correlating
those kinetics to the mass and thermal transport phenomena involved in droplet evapora-
tion/evolution so that particle nucleation, growth, aggregation, and chemical sintering can
be properly modeled and morphology predicted. The heat and mass transport of both re-
actants and particles within the droplet will be modeled in multiphysics simulations and
combined with kinetic models of the reduction process to predict particle formation rate as
a function of fluid properties (surface tension, viscosity) and reduction kinetics (activation
energy, concentration, temperature). Existing particle transport models for colloids/parti-
cles [26–28,42,43], precipitating solutions [27,37,44], and sol-gels [31,32,34,36]will be updated
to include the unique temperature and kinetic dependences of reactive inks.
Overall, this work will improve the quality of materials printed using reactive inks by
understanding the mechanisms that contribute to overall morphology and using this insight
to design inks, print processes, and post-print processes for broad classes of reactive ink
materials (low cost metals, magnetics, oxides). This study will also help develop new knowl-
edge on how ligand selection, reduction activation energy, solvent properties, contact angle,
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and substrate temperature dictate the physical phenomena that control physical structure.
Reactive inks are a more complicated physical system than particle and solute inks and rep-
resent the next step in understanding the evolution of drying droplets. Understanding the
relationship between processing parameters, mass transport, and physical outputs will be
used to systematically identify which and when different process parameters dominate par-
ticle nucleation, growth, and agglomeration in reactive ink printed structures. New insight
into the mass transport and chemical distribution of evaporating droplets will be developed
and used to understand why the morphology of reactive inks is more sensitive to tempera-
ture and solvent selection than that of particle- and solute-based inks. This new knowledge
will aid in the design of new reactive ink systems to produce quality materials even across a
range of print temperatures.
This new knowledge on how heat and mass transport in evaporating droplets impacts
chemical reactions could be used in a number of related research areas, including spray-drying
[45], electrospraying [46], cloud formation [47], and corrosion. The new knowledge generated
in this work could be applied to numerous physical systems or lead to the incorporation of
reactive inks into new processes. For example, this work could be used to develop a new
class of active inks to produce metallic and oxide films from spray-drying processes.
This work could potentially enable a new class of additive manufacturing techniques
where high quality materials are printed at low temperatures. Additionally, it will enable
the printing of readily- oxidized metals, such as copper or aluminum, materials that cannot
be printed with conventional particle-based ink methods.
As mentioned earlier, future thin-film Silicon Heterojunction photovoltaics is one applica-
tion that could benefit tremendously from quality reactive inks. This is shown in Figure 1.3.
The amorphous silicon passivation layer used in these films degrades when exposed to tem-
peratures above 200˚C and a low temperature, high-quality metallization process that scales
to volume manufacturing has yet to be identified. Preliminary work with no optimization,
has shown that the electrical performance of reactive ink printed metallizations is compara-
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ble to screen printed silver electrodes on thin-film photovoltaic cells. The porous nature of
these initial films revealed that we can metallize solar cells with 1/10th the amount of silver





Thin, porous films let light through yet 
show excellent electrical properties
Spin coatable metallization: 
design ink that wets & 
deposits in the valleys
Silver in valleys.  Conduction 
path w/ minimal light blocking
b) c)
Example Broader Impact:  Spin coatable photovoltatic metallization
Figure 1.3: Future reactive ink applications. a) Suns VOC and One Sun-IV curves and char-
acteristics for screen printed Ag paste (top), and inkjet printed reactive silver ink (bottom)
front contacted SHJ solar cells, b) SEM micrograph showing that reactive ink metallization
lets light through yet has excellent electrical properties, and c) A future application this
work: design reactive ink to de-wet substrate and deposit Ag in the valleys of KOH etched
photovoltaic cells. Low light blockage with excellent collection efficiency.
In this manuscript, I will first introduce reactive inks in details along with the chemistries
involved. Following this, some of the preliminary findings that motivated this research will
be shown. Then, more application of reactive ink systems in combination with DOD to
print microfluidic devices, stretchable interconnects, metallization on solar cells, etc. are
shown in chapter 3. In the last few chapters, I will talk about some basics of reaction
kinetics along with the experiments done to identify reaction kinetics, following which the
COMSOL multiphysics simulation will be detailed along with the printing and validation of
these reactive ink systems.
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CHAPTER 2
REACTIVE INK CHEMISTRIES AND PRELIMINARY FINDINGS
2.1 Reactive ink chemistries
As mentioned in the previous chapter, reactive inks have numerous advantages over
traditional particle based systems owing to the ever increasing demands of future temperature
sensitive electronics. This chapter details the chemistries of these silver reactive ink systems
along with some preliminary findings that helped propagate the reactive ink application
research that will be discussed in the next chapter.
A modified version of the Lewis’ group silver reactive ink solution was used as our silver
ink [17]. 2.00 g of silver acetate (AgCH3COO anhydrous, Alfa Aesar, 99%) was dissolved
in 5.00 mL ammonium hydroxide (NH4OH , VWR, 28–30 wt% ACS Grade) followed by
adding dropwise 0.4 mL formic acid (HCOOH , Sigma-Aldrich, Anhydrous > 96%). The
ink was allowed to sit for 12 h under ambient conditions and then filtered through a 450-
nm nylon/polypropylene filter and stored at 4 °C (fridge temperature) until use. A similar
reactive ink (Gaitan’ ink) was developed in this group with a goal to compare and contrast
reactive ink systems and their print morphologies based on the varying reaction phenomena
within the ink systems. This will be discussed in more detail in chapter 4.
The typical Tollens’ process reactions are as follows: First, dilute silver nitrate and dilute
sodium hydroxide are mixed together in solution.
2AgNO3 + 2NaOH
H2O−−→ Ag2O+NaNO3 +H2O
This precipitates a silver oxide intermediate. Then sufficient amount of aqueous ammonia
is added to the solution to dissolve the brown silver (I) oxide.
Ag2O+ 4NH3 + 2NaNO3 +H2O
NH4OH−−−−→ Ag(NH3)2NO3 + 2NaOH
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The resulting solution that contains the silver-diamine complexes forms the basis of
Tollens’ reagent. This reagent is commonly used in qualitative organic analysis to test the
presence of aldehydes and ketones in a compound.
In the modified Tollens’ reagent as mentioned in Walker’ supplementary information [17],
a silver acetate salt is used instead of silver nitrate and dissolved directly in ammonium
hydroxide. This again forms the brown silver (I) oxide in solution at first.
2AgCH3COO+ 2NH4OH
H2O−−→ Ag2O+NH4CH3COO+H2O
When excess ammonia is added, the silver oxide dissolves completely in solution and is
complexed with the amine group from ammonium hydroxide.
Ag2O+ 4NH3 + 2NH4CH3COO+H2O
NH4OH−−−−→ 2Ag(NH3)2CH3COO+ 2NH4OH
This forms the basis of the modified Tollens’ reagent. Upon addition of formic acid
to this solution, all the unprotected silver is reduced to form particles that are removed
by sedimentation. This is the reason the ink is allowed to sit for about 12 hours before
filtering out the supernatant. The remaining formic acid neutralizes ammonium hydroxide
by protonating the hydroxide to water and creating ammonium formate.
2Ag(NH3)2CH3COO+ 2NH4OH+HCOOH −−→ 2Ag(NH3)2CH3COO+ 2NH4COO+
H2O
The corresponding decrease in pH (from 14 to 10.6) enables more free ammonia to exist in
solution. This modified Tollens’ chemistry contains a higher percentage of silver in solution
compared to previously reported Tollens’ reagent chemistries. The reactive silver ink is
composed of this final solution, which contains diamminesilver (I) cations, acetate anions
and formate anions. As ink dries, the labile ammonia ligands evaporate allowing the silver
cations to be reduced by the formate anions as well as acetic acid produced in solution from
the un-complexed silver that was previously reduced.
2Ag(NH3)2CH3COO+ 2NH4COO −−→ 2Ag + 5NH3 + 2CH3COO+CO2 +H2O
12
Further, the combination of formate and acetate ions with acetic acid results in a solution
that reduces to silver and silver acetate particles upon drying at room temperature.
2Ag(NH3)2CH3COO+ 2NH4COO −−→ Ag + AgCH3COO+ 5NH3 +CH3COO+CO2 +
H2O
The higher the temperature this ink is annealed at, the more the chances are of pure
elemental silver remaining from the print. This is primarily due to rapid evaporation of
ammonia ligands and low boiling point reactants at higher temperatures. In a sealed glass
vial, the ink is stable at room temperature for 4-6 months since in a sealed environment, the
evaporation of labile ligands is curbed.
2.2 Preliminary findings on impact of processing parameters on printed mor-
phologies
Most studies on low-temperature reactive inks are similar to Walkers’ studies, with the
ink printed at room temperature, allowed to dry, and then sintered at elevated tempera-
tures to improve the material properties. These studies have not explored the unique role
that temperature and solvent evaporation play in controlling the in-situ reduction rates and
morphology of the printed structures.
Preliminary studies have been done to obtain detailed information regarding the porosity
and cross-section morphology of DOD printed reactive inks with varying processing parame-
ters such as solvent viscosity, solvent vapor pressure and substrate temperature. One of the
requirements for the inks used with the DOD technique was to be in a viscosity range of 2-6
cP for stable jetting. For this reason, for these preliminary studies, the base Walker’s ink was
diluted with two solvents, 2,3-Butanediol and Ethanol in two mixture ratios – 1:1 Butane-
diol:Ag ink, 9:1 Butanediol:Ag ink and 1:1 Ethanol:Ag ink and 10:1 Ethanol:Ag ink. These
two solvents were selected for this study because of their inherently different thermophysical
properties. Butanediol has a moderate vapor pressure of 27 Pa [48] and surface tension of
32.5 mN/m [49]. Ethanol was tested as a high vapor pressure solvent of 5400Pa [50] with a
surface tension of 22.4 mN/m [49].
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The four inks (1:9-BD:Ag, 1:1-BD:Ag, 1:1-EtOH:Ag, 10:1-EtOH:Ag by volume; BD =2,3-
butanediol, EtOH=ethanol) were printed on glass substrates at temperatures ranging from
room (22 ˚C) to 105 ˚C.
The graphs in Figure 2.1 illustrate the impact of solvent selection, ink concentration,
and substrate temperature on film thickness and porosity. Figure 2.1 a shows the mean
measured thickness, tm (error bars are maximum and minimum measured thickness) taken
from SEM cross- sections. Connecting dashed lines were added to guide the eye; horizontal
dotted lines show the theoretical thickness, tt, of each film if the silver was 100% dense
as calculated from the known silver ion concentration, droplet volume, and droplet pitch.
Figure 2.1 b scales the thickness data by the theoretical 100% dense film thickness as ratio,
f , where f = tm
tt
and Figure 2.1 c plots the porosity,φ, of the films where porosity is defined
as φ = 1 − 1
f
. Both the 1:1-BD:Ag ink and the 1:1-EtOH:Ag ink have the same base silver
ink concentration, yet the 2,3-butanediol ink has a thickness ratio of ≈ 4.7 compare to the
≈ 2.5 for the ethanol stabilized ink (φ = 0.76 vs. 0.57, respectively). The 2,3-butanediol
stabilized ink shows large platelet structures on the surface of the silver film when printed
at low temperatures. These structures suggest that a silver shell or “skin” is being formed
at the liquid/vapor interface where ammonia concentration would be lowest. This low vapor
pressure, low viscosity 2,3-butanediol stabilized ink will show a larger concentration gradient
compared with the ethanol stabilized ink and is more likely to form a skin of silver at this
interface.
Next, the collage of SEM micrographs in Figure 2.2 demonstrate the impact of solvent
selection, concentration, and substrate temperature. The top and bottom rows are the
lowest and highest measured porosities for each ink tested. There is a dramatic difference
in morphology and porosity for the 1:1-BD:Ag ink compared to 1:1-EtOH:Ag ink tests.
Although both inks have the same Ag loading, the 1:1-BD:Ag ink is 2× as porous as the 1:1-
EtOH:Ag ink and 20× as porous as the 10:1-EtOH:Ag ink. This could be explained by the
fact that the high surface tension ethanol diluted ink completely wets the substrate surface
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Figure 2.1: Graphs showing the impact of substrate temperature on: a) Thickness of the
four inks measured using SEM cross-sections. Dotted horizontal lines indicate the theoretical
smallest thickness with numerical values given in the legend at the bottom, b) Ratio of
measured thickness to theoretical smallest thickness; orange line shows ideal ratio of 1 , and
c) Porosity in percent. Notice that a local minima occurs at 66 ˚C for all inks except the 1:9-
BD:Ag ink. The 10:1-EtOH:Ag ink shows the lowest overall porosity across all temperatures.
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and almost 0˚ contact angle, compared to the 20˚ contact angle with the 2,3-butanediol
diluted inks, it is just as possible that the difference in film thickness and thermal conduction
path increases evaporation, increases nucleation and growth, and restricts particle motion to
a large degree in EtOH diluted inks.
Figure 2.2: Representative cross-section SEM micrographs showing the highest and lowest
porosities (rows) of each ink (columns). The substrate temperature is in the upper left along
with the measured porosity.
Next, the media resistivity of the printed silver films was plotted and compared. Fig-
ure 2.3 plots the media resistivity (ρm) of the printed silver films. The dashed gray line
is the bulk resistivity of silver. The ethanol-stabilized inks consistently show lower φ, with
both of the ethanol inks showing media resistivities near that of bulk silver at higher tem-
peratures. The ethanol stabilized inks overall, print denser films and show better electrical
properties. This could possibly due to the reaction pathway owing to the low contact an-
gles of these inks facilitation higher thermal and/or chemical sintering in the printed films.
Therefore, the 10:1-EtOH:Ag ink which has the lowest resistivity at most temperatures and
its low porosity should show the best long-term stability against electromigration and Joule
heating; however, the low 2.6 wt.% Ag loading results in a very long print time for 1 mm
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thick films that, even though the media resistivity is low, will have higher sheet resistances
compared to other films with equivalent amounts of silver. Depending on the application,
a high concentration ink such as 1:1-EtOH:Ag could be a good compromise between print
time, low sheet resistance, and low media resistivity.
Figure 2.3: Plot for substrate temperature vs. media resistivity. Resistivity of bulk silver
is shown as a dashed gray line at 1.6 µΩm. Notice that media resistivity decreases with
increasing substrate temperatures for all inks except the 1:1-BD:Ag ink.
Hence from preliminary studies, it was seen that solvent type had the most dramatic
impact on morphology, with the more viscous, lower vapor pressure 2,3-butanediol stabilized
inks producing more porous films with higher electrical media resistivities than the ethanol
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stabilized inks. The porosity of the films can be adjusted from 93% down to 52% by changing
solvent type and substrate temperature. The lowest media resistivity was found for a 10:1-
EtOH:Ag ink printed at 66 ˚C. Overall, this study demonstrated that the porosity and
resistivity of structures printed using self-reducing silver diamine inks varies dramatically
with processing conditions. Additionally, it was seen that by replacing standard humectants
with lower vapor pressure solvents, the porosity and resistivity can be lowered when printing
at slightly elevated temperatures and without the subsequent annealing step used by others.
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CHAPTER 3
REACTIVE INKS APPLICATIONS AND PROPERTIES
Reactive inks in combination with Drop-on-demand (DOD) printing technique expand
the potential of integrating multi-material systems which can target a broad range of appli-
cations. This chapter details some of the applications of reactive ink systems which enable
fabrication of devices with challenging levels of complexities while still being inexpensive to
fabricate. All of the applications mentioned below are parts of my published manuscripts
that can be referenced for more detailed explanations and can be accessed through google
scholar: AvinashMamidanna-GoogleScholar
3.1 Fabrication of a microfluidic mixer device
For this process, a cure-in-place polydimethylsiloxane (PDMS) reactive ink was developed
and its utility was demonstrated by printing a complete microfluidic mixer with integrated
electrodes to measure fluid conductivity, concentration, and effectiveness of mixing. First, a
parameter-space investigation was conducted to generate a set of PDMS inks and printing
parameters compatible with drop-on-demand (DOD) printing constraints. Next, a microflu-
idic mixer was fabricated using DOD-printed silver reactive inks, PDMS reactive inks, and
a low-temperature polyethylene glycol fugitive ink. Lastly, the device was calibrated and
tested using NaCl solutions with concentrations ranging from 0.01 to 1.0 M to show that
electrolyte concentration and mixing completeness can be accurately measured. Overall, a
set of reactive inks and processes to fabricate sophisticated microfluidic devices using low-cost
inks and DOD printing techniques was demonstrated.
3.1.1 Motivation
From wax printing of cellulose-based sensors [51] to PDMS casting of microfluidic mix-
ers [52], a number of methods exist to produce microfluidic devices in a rapid manner at
19
affordable costs [53–58]. Although these techniques have advanced the field of microfluidics,
a strong discontinuity often exists between the desired device structure (microfluidic path,
electronics, chemical sensors, etc.) and the processing strategies needed to fabricate these
device structures. For example, paper-based sensors are printed in 2D and then folded into
a 3D structure, often with multiple cutting, folding, and taping steps [23, 55, 59]. Lost-wax
and other mold-based processes require master mold fabrication, replication, lithography
for electronics, plasma treatments or other adhesion promotion methods, and then final as-
sembly [60–62]. Fully ink-jet printed prototypes of basic microfluidic structures as well as
some microfluidics with integrated electronics have also been studied [63]. Unfortunately,
most fabrication methods struggle to deposit multiple materials using a single process, and
integrating electronics directly into the microfluidic pathway can be extremely challenging.
As mentioned earlier, Drop-on-demand (DOD) printing strategies have a number of ben-
efits over conventional lithography-based fabrication methods [64]. Examples of microfluidic
devices fabricated using DOD printing include wax mold microfluidic devices, all-polymer
transistor circuit devices, and bioMEMS devices [65–67]. Unlike lithography-based methods,
where multiple material layers require careful process planning with limitations associated
with chemical compatibility between the deposited materials and any etching chemicals,
DOD printing is inherently capable of facilitating integration of multi-material systems by
depositing inks of different material compositions on a single platform [68,69].
In this work, I introduced a new cure-in-place polydimethylsiloxane (PDMS) reactive
ink that enables the buildup of 2.5D PDMS structures directly onto hard substrates. This
PDMS reactive ink makes it easy to fabricate active micro- fluidic devices using DOD print-
ing technologies. First, a parameter-space investigation was conducted to balance print
speed and buildup rate with feature resolution and droplet stability. To demonstrate the
utility of this PDMS reactive ink, I next printed a complete microfluidic mixing device with
integrated sensing electrodes to monitor fluid resistivity, electrolyte concentration, and mix-
ing thoroughness. To fabricate the device, a silver reactive ink was used to print sensing
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electrodes, and then, the walls of the microfluidic channels were defined using the PDMS
reactive ink. Since printing voids using a DOD printer is difficult, the microfluidic channels
were filled with a fugitive polyethylene glycol (PEG) ink to act as temporary scaffolding
later removed by heating the complete device until the PEG melted and could be pushed
clear using water [70]. The immiscibility between the nonpolar PDMS reactive ink and the
polar PEG fugitive ink ensured that these layers do not mix and that microfluidic channel
could be precisely defined and characterized [71]. It is important to note that, except for a
final outer layer added for mechanical stability, the PDMS was not “cast” or molded around
the PEG/PEO (polyethylene oxide) and Ag structures as is typically done [54,72]. Instead,
the microfluidic. PDMS pathway was printed using a PDMS ink without any molding steps.
Once the device was fabricated, the cell constant curves for each inlet and outlet were
calibrated using NaCl solutions of known concentration and resistivity. Next, 1.0 and 0.01
M NaCl solutions were flown through the left and right inlets, while the electrical resistance
at the inlet and outlet sensing electrodes was measured. Using the previous calibrations, the
NaCl concentration can be empirically determined, and the effectiveness of the mixing can
be monitored in situ as flow rate is varied. Overall, these reactive inks and DOD printing
processes enable CAD-to-FAB design strategies where separate components are integrated
together seamlessly during the fabrication process.
3.1.2 Inks used
3.1.2.1 Silver reactive ink
The base Walker’s ink diluted with 1:10 Ag ink:EtOH was used to get the densest print
layers with the best electrical properties as mentioned in the previous chapter.
3.1.2.2 PDMS ink
Dow Corning’s Sylgard 184 silicone elastomer kit formed the basis of the PDMS ink.
Four different combinations of silicone, cyclohexane, and toluene ratios were evaluated for
down-selection. Critical parameters for down-selection were jetting stability, droplet velocity
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(maximized), satellite formation (minimized), droplet evaporation, feature resolution, cure
temperature, and cure speed. Ultimately, a base silicone solution consisting of Sylgard 184
Part A and Part B in the manufacturer’s recommended 10:1 Part A to Part B (herein called
“PDMS”) by weight was diluted 1:5 (PDMS/toluene) by volume. The addition of the lower
vapor pressure toluene in this ratio ensures jet stability when printing above a substrate held
at 130 °C.
3.1.2.3 PEO and PEG inks
Various mixtures of PEO, PEG, H2O, and ethanol (EtOH) were tested to balance fill
rate with jet stability. PEO (10,000 MW), PEG (1305–1595 MW), and EtOH (200 Proof,
Anhydrous) were purchased from Sigma-Aldrich and used as received. 18 MΩ DI water
was used after filtering through a 450-nm nylon/polypropylene filter. Inks were mixed at
various weight percentages with the solvents and stirred for 2 min using a magnetic stir
bar. Magenta ink (generic colored ink-jet ink) was added to the PEO/PEG inks to aid
visualization of the printed device. The inks were filtered one last time prior to printing.
Ultimately, a solution of 4 wt% PEG in DI water produced stable drops with a fast fill rate as
long as an O2 plasma surface treatment (to increase wettability) was conducted immediately
prior to printing. This ink was printed at a substrate temperature of 70 °C from a 60-µm
orifice nozzle.
3.1.3 Device fabrication
Figure 3.1 shows the device fabrication steps. The glass substrate is first treated for 30
s in a low-power O2 plasma and then immersed for 5 min in a tin (II) chloride sensitizing
solution in order to promote adhesion of the Ag electrodes printed on it. Next, 10 layers of Ag
ink are printed with the print stage held at 90 °C to form electrodes for sensing conductivity.
1mm2 silver pads are printed as shown in Figure 3.1 at the ends of the silver electrodes to
serve as probing pads for electrical resistance measurements. 50–75 layers of PDMS of the
desired geometry with zigzag interlinks to provide a turbulent fluid flow pathway are printed
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with the print stage held at 130 °C, forming a PDMS channel to confine subsequent PEG
inks. This channel increases both the lateral resolution of the microfluidic and the vertical
height; without this channel, the PEG spreads out into a wide, thin film that limits the
density of microfluidic lines while increasing confinement drag. Immediately prior to PEG
filler printing, the PDMS and glass surfaces were treated by an O2 plasma to increase the
wettability of polar PEG inks on PDMS and improve the continuity of PEG polymer fillers.
The device is masked before plasma treatment such that only the PDMS is exposed to the
plasma and the silver remains unaffected (to prevent oxidation of silver).
One thousand layers of PEG 4 wt% in water were printed onto the substrate held at 70
°C. The sample is then cooled to room temperature to solidify the polymer filler. Following
this, a pure elastomeric mold of the Sylgard 184 is created and glued onto the glass substrate
around the device to act as a confinement wall for the PDMS cap. Undiluted PDMS is then
poured over the device and cured at 40 °C for 12 h to seal the device completely. This thicker
PDMS layer was necessary to physically hold the inlet and outlet ports without tearing. A
1.5-mm-diameter biopsy punch is used to punch holes through the top PDMS confinement to
make the inlet and outlet ports. Lastly, the polymer filler is removed by heating the device
on a hot plate held at 60 °C and flowing red-dyed- and blue-dyed water at the same rates
through two inlet ports simultaneously. The flow pressure is controlled and adjusted using
an Elveflow OB1 MK3 pressure controller such that mixing of the two fluids occurs across
the channel.
3.1.4 Device testing
Initially, 1 M NaCl (blue) and 0.01 M NaCl (red) solutions are flown in through the two
inlets at 80 µl/min as shown in Figure 3.2 a. It is evident that no mixing occurs at this flow
rate because a clear delineation between the red and blue fluids is observed. In Figure 3.2
b, however, the driving pressure is increased to 400 mbar for each channel for an estimated
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Figure 3.1: Schematic of the microfluidic mixer device fabrication. 1) 10 layers of silver
electrodes are printed on a glass substrate, 2) 50-75 layers of PDMS with a zigzag geometry
is printed, 3) About 1000 layers of the dyed PEG filler ink is printed after plasma treating,
4) An outer PDMS mold is prepared and used to cap the printed components, 5) Inlet/
outlet holes are punched through the PDMS mold using a biopsy punch, and 6) The PEG
filler is melted by heating the device to 60 ˚C and flushed out to form the microfluidic mixer
channel.
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flow rate (Q) of 410 µL/min. The fluids appear to completely mix at this high flow rate and
the output channels appear as greyish purple.
Figure 3.2: Optical top-down images of the microfluidic mixer channel near outlets ports
during flushing a) no mixing occurs between the blue NaCl 1 M solution and red NaCl 0.01
M solution flowing at 80 µl/min, and b) complete mixing appears to occur at 410 µl/min
(color figure online)
However, visual inspection is not a precise or quantitative method of determining mixing
completeness. Therefore, to test the mixing completeness using electrolytic solutions, all flu-
ids were flown at 410 µl/min. Salt solutions of NaCl/H2O of different concentrations (1, 0.5,
0.1, 0.05, 0.01 M) were prepared, and their standard resistivity values were obtained from a
Mettler-Toledo Seven Excellence pH/conductivity meter. To each solution, a blue or red dye
pigment was added alternately such that two solutions being flown through the mixer device
at any time had two different colors. Solutions of every concentration were flown through
both the inlet channels to account for the cells geometric correction factor. Resistance values
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were recorded across all ports for all combinations of electrolyte concentration mixing. This
data is plotted in Figure 3.3 a and fit using a power law as ρ = 0.12 · c−0.89[Ωm], where ‘c’
is the NaCl concentration [73].
Next, the concentration dependence of the resistance of each inlet and outlet probe was
established at 410 µL/min. Figure 3.3 b plots the resistance versus NaCl concentration
(Rconc) at the inlets and outlets and fitted using a power law. Notice that there is some
deviation in the exponent between the resistivity fit of the NaCl solutions and the resistance
fits. This difference arises because the Mettler-Toledo system applies an AC signal to filter
out the polarization that occurs at the electrodes. The simple 2-point DC resistance mea-
surement used in our microfluidic device does not filter out this polarization effect [74] [74].
However, the results should be accurate enough for most applications. Using a simplified
model of R =
−
C · ρ [Ω], a cell constant,
−
C, connects the measured resistance, R [Ω], to the
fluid resistivity. Figure 3. 3 c plots the variation in
−
C with NaCl concentration. The fitted
−
C curves follow the expected shape with the
−
C slowly decreasing with increasing salt con-
centration and then increasing sharply around 1 M [?]. This indicates that, once calibrated
to a specific electrolyte and flow rate, the electrolyte concentration at the inlets and outlets
could be reasonably determined across three orders of magnitude even if polarization occurs
at the electrodes.
Figure 3.4 a plots the measured 2-point DC resistance at each inlet and outlet as flow
increases from 10 to 410 µL/ min with the left and right inlet concentration set to 0.01
and 1.0 M, respectively. As expected, the resistance at the inlets decreases linearly with
increasing flow rates even though the inlet concentrations remain constant, while the outlets
start out linearly and then deviate at the higher flow rates. The shift in resistance as a
function of flow rate, △Rflow, for each inlet and outlet channel was calculated using the
linear portion of these curves at low flow rates below 80 µL/min.
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Figure 3.3: Graphs of a) resistivity of the NaCl solutions used in this set of experiments
measured using a Mettler-Toledo conductivity probe, and b) measured resistance at the inlets




C varies with NaCl concentration
due to DC polarization. From legend, left inlet = red, filled circle; right inlet = blue, filled
square; left outlet = orange, filled triangle; right outlet = purple filled diamond.
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Since theRconc. [Ω] curves were collected at 410 µL/min, the measured resistance, Rmeas. [Ω],
was modeled as Rmeas. = Rconc. + △Rflow. Using inlet one as an example, Rconc. = 75 ×
103·c
−0.91
[Ω] and △Rflow = 81.1(f − 410) [Ω], the concentration at each flow rate can be




Appling this process to all inlets and outlets, the calculated concentration versus flow rate
is plotted in Figure 3.4 b. These curves show that the onset of detectable mixing is different
between the left and right outlets (200 and 250 µL/min, respectively) as is the degree of
mixing at 410 µL/min. It is important to acknowledge that higher flow rates were not tested
because the PDMS was found to delaminate from the underlying glass substrate at higher
pressures. PDMS adhesion is one limitation with our process that we did not find a perfect
solution for. As our PDMS is directly printed onto the glass substrate; we could not take
advantage of the O2 plasma treatment typically used in cast PDMS microfluidic devices.
Despite this limitation, this work goes to show that some of the major challenges of a typical
LOC fabrication process, such as excessive fabrication costs and difficulty in integration of
different microfluidic sub-systems together [75], are addressed by this technique. Visually,
the fluids appeared fully mixed but the electrical data clearly indicate that the mixing not
only is incomplete, but differs between the left and right sides.
Therefore, a simple process to fabricate a complete microfluidic mixer device, including
fluid path and sensing electrodes, using drop-on-demand printing and reactive inks has been
demonstrated. In this process, we could directly print reactive inks onto heated substrates to
get solid features without the need for any additional post-annealing steps. Hence, by using
reactive ink chemistries and DOD printing, it was shown that it is possible to seamlessly
integrate electronic sensing capabilities directly into the microfluidic pathway during the
printing process. Additionally, the flexibility of DOD printing means that designs can be
updated as often as needed to improve device performance, and DOD techniques have higher
throughput with lower production cost per cell when compared to typical LOC techniques
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Figure 3.4: a) Measured resistance, and b) calculated concentration at inlet and outlets at
flow rates from 10 to 410 µL/min with NaCl concentrations for the left and right set of ports
set to 0.01 and 1 M, respectively. Additionally, a fully mixed solution 0.505 M NaCl was
measured at the left outlet (green, filled asterisk). Notice that the onset of detectable mixing
is different between the left and right outlets (200 and 250 µL/min, respectively) as is the




3.2 Fabrication of a silver stretchable interconnect
Next, the applications of reactive inks to fabricate a flexible/ stretchable spiral intercon-
nect will be discussed. The process optimization, device fabrication and characterization of
this stretchable interconnect will be demonstrated while furthering the potential applications
of reactive inks by implementing new design strategies. This work was done in collaboration
with Dr. Hanqing Jiang’s group at Arizona State University.
3.2.1 Motivation
Advances in conventional microelectronics go hand-in-hand with the exponential de-
crease in component size. As component sizes have decreased, new models for packaging
have emerged with the microelectronics industry rapidly adopting System-on-a-Chip (SOC)
approaches that combine multiple functionalities on a single chip [76]. For example, the pro-
cessing chips in today’s smart phones integrate CPU, GPU, and even motion processing onto
a single die. However, some applications do not lend themselves to integration at the chip-
level. For example, newer lab-on-chip biomedical sensors use discrete components to sense en-
vironment and transmit data [77,78]. Many of these devices require electronics spread across
large areas with sensors at one location sending data to a processing unit in another location
and then to an antennae circuit elsewhere. For “hard” devices, like our smart phones, this is
not a problem; however, spanning large distances while maintaining electrical contact can be
difficult for stretchable electronic devices [76,79,80]. These devices, ranging from integrated
display panels [81,82] to health sensors [83] require stretchable and deformable electrical in-
terconnects between hard components to enable conformal devices [84,85]. Connecting hard
components through stretchable interconnects is a common approach for stretchable elec-
tronic design and fabrication. In this approach, high-quality functional devices are fabricated
using traditional methods and then these “islands” are connected with a stretchable electrical
inter- connect. These stretchable interconnects can be fabricated using highly malleable/-
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compliant electronic materials, such as low-temperature liquid metals, [86] or by designing
the interconnect to mitigate local strain through out-of-plane deformation (e.g., buckled de-
vices [77,84], pop-up interconnects [79,83], and serpentine-shaped interconnects [78,86–88].
Although flexible and stretchable interconnects are readily fabricated using conventional
lithography techniques, integrating these hard components with the stretchable interconnect
can be cumbersome due to the height difference between the component and the substrate.
More importantly, interconnects fabricated using conventional lithography techniques are
generally limited to metal thicknesses of ∼1 µm, limiting the applicability of stretchable
interconnects to low-current applications. Drop-on-Demand (DOD) printing of conductive
inks could address these issues. This non-contact method can be used to connect devices
with different heights using sacrificial support structures and the thicknesses on the order of
tens of micrometers are readily printed with little effort.
This work details simple set of processes and chemistries to connect separate chips by
printing free-standing stretchable interconnects based upon newer spiral designs [79].
3.2.2 Inks used
Walker’s ink system diluted with ethanol in the ratio 1:10 by volume (Ag ink: EtOH –
1:10) was used for printing for the reasons mentioned in the previous chapters.
3.2.3 Device fabrication
The overall fabrication process is shown in Figure 3.5. Copper pads serving as a model
“device” were fabricated by e-beam evaporation of 10/100 nm of Cr/Cu onto a 110 µm
polyethylene substrate. Next, a layer of nitrocellulose was deposited onto a 25 mm × 50 mm
glass slide using a VTC 100 vacuum spin coater. Two 30-s ramp steps were used from 500−
2500 rpm increasing 2000 rpm/step. The copper-coated polymer pads were then peeled from
the polyethylene carrier using tweezers and imbedded in nitrocellulose matrix approximately
10 mm apart with the top surface of the copper pad just barely above the nitrocellulose. This
small distance reduced the thickness of the Ag ink needed to bridge the copper/nitrocellulose
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vertical gap. The substrate was left to dry at room temperature (∼27 °C) for 60−80 min.
During printing, the stage was heated to 90 °C with a measured substrate temperature
of 72 °C, and 7 mm × 7 mm squares were printed under identical conditions for electrical
characterization using 4-point probe techniques. The spiral was printed with 500 passes of
the 10:1 EtOH: Ag ink to ensure adequate mechanical strength during liftoff. Thirty layers
of triangular pads are then printed with a 1:1 EtOH: Ag Ink at the interface between the
copper bonding pads and the spiral to increase its robustness at this critical interface. The
printed device is then dipped in an acetone bath for 5−7 h to dissolve the nitrocellulose,
leaving behind a free-standing, stretchable interconnect between the two copper pads.
3.2.4 Device testing
The electrical properties of the printed material were tested by fabricating 7 mm × 7 mm
samples with 10 layers using a 4-point probe to get sheet resistance and cross-sectional SEM
images for thickness [Add my spiral paper reference]. The sheet resistance was measured at
5.8 [mΩ












[89]. The thickness, ’t’, was measured at 3.4 [µm] using profilometry; the probe spacing, ’s’,
was 2 mm; the width and length (a, b) were both 7 mm. The geometry correction factor, ’R2’,
was 0.80 [89]. The stretchability of the electrical interconnect was quantified by mounting the
sample on a manually operated mechanical strainer with 0.5 mm gradations and measuring
the 2-point electrical resistance with a digital multimeter (Agilent, 34461A). The elongation
was cyclic from 0 to 140 or 160% and then back to 0% with a elongation/shortening rate of
∼16 mm/ s (∼170%/s, cycle time ∼0.72 s). The graph in Figure 3.6 a shows the resistance as
a function of stretch ratio for one stretch cycle with a mean resistance of Rsingle = 0.279 [Ω]
with total range in resistance, △Rsingle = 3 [mΩ] (1.2%) relative to the initial resistance.
The graphs in Figure 3.6 b, c show the range in resistance measurements as the device
is cycled 1000 times between λ = 0 : 140% and λ = 0 : 160%, respectively. The △R% is
shown on the right along with histogram showing the percentage distribution of the measured
resistance values. The range in resistance variation was less than 2.5% for both tests of 1000
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Figure 3.5: Schematic of stretchable interconnects fabrication process. A glass substrate
is spin-coated with a uniform layer of nitrocellulose. Copper pads are placed in the nitro-
cellulose. The reactive silver ink spiral is then printed followed by lift-off in acetone then
electrical and mechanical testing.
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cycles. These results show that the spiral stretchable electrical interconnect has little to
no degradation in electrical properties even after thousands of cycles at large stretch ratios.
The λ = 140% test shows a nearly random distribution in resistance measurements while
the λ = 0 : 160% test shows a slight decrease of 2 [mΩ] (△R = 1%) over the last 500
cycles. The exact reason for the observed decrease is currently unknown and could possibly
be attributed to changes in ambient environment. The stretch cycle tests were done slowly
using manually driven linear stages over the course of 14 h for each test and the small, 2 [mΩ]
drift in resistance could be attributed to changes in ambient temperature and humidity. A
second sample was fabricated and then stretched to failure to λ = 0 : 160%.
Next, to better understand the deformation modes, finite element analysis (FEA) was
carried out using a commercial FEA package (ABAQUS, Dassault Systems, Waltham, MA,
USA). Two types of calculation were used to study the buckling behavior of the spiral under
given boundary conditions. eigenvalue analysis (i.e., pre-buckling analysis) was used to
calculate the modes of the model. After obtaining the mode shapes, the first mode shape
is scaled and added to the undeformed geometry of the spiral as the imperfection. Then
a general nonlinear static analysis (i.e., post-buckling analysis) was conducted to study the
deformation behavior of the spiral upon loading. There are 1812 C3D8R elements (3D 8-node
linear continuum elements with reduced integration) in the model. For this simulation, the
thickness was set at 30 [µm] with a continuous width of 850 [µm], the Young’s modulus and
Poisson’s ratio of the silver electrode were assumed to be E = 83 [GPa] and ν = 0.37,
respectively [90]. Figure 3.7 compares the optical images with the FEA models of the
serpentine electrical interconnect from 0 to 160 % elongation. The graph at the bottom of
Figure 3.7 shows the maximum simulated strain vs. stretch ratio from λ = 0% to λ = 200%
at 20 % increments (filled black circles). The simulated strain is fit as ǫ = 0.002 × e0.013·λ
(dashed line) with correlation value of 0.996, showing that strain starts extremely low and
increase exponentially. Since the printed interconnect broke at λ = 180%, where the nominal
strain predicted by the FEA simulations was only 0.02 (2 %), well below the ultimate strain
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Figure 3.6: Graphs showing impact of elongation and cycles on the measured 2-point resis-
tance across the spiral, a) Whisker plot of two- point resistance and△R (%) change measured
between the copper pads at 20 % increments in stretch ratio (λ). The total △R range was
less than 1.2 %, b) The resistance at λ = 0 and 140% (blue square, red circle respectively)
for 1000 stretch/relaxation cycles to 140 % stretch ratio. Total variation in resistance is
less than 2.5 %, and c) The resistance at λ = 0 and 160% (blue square, green triangle,
respectively) for 1000 stretch/relaxation cycles to 160 % stretch ratio with a total variation
in resistance of less than 2.5 %.
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for polycrystalline silver but above the yield strain; [Reference] we can infer that the some
portion of the stretchable interconnect yields without breaking if the magnitude of the stretch
ratio is increased. Although the printed silver has a measured porosity of ∼80 % and the
model assumed 0 % porosity, no major differences between the model and the experimental
deflection were observed because of the low strain to stretch ratio of this spiral interconnect
design. This is important because it confirms that simplified FEA models (continuous,
isotropic material; uniform rectangular cross-section) can be used to predict the deformation
shape of spiral interconnects under low strains even for porous interconnects with nonuniform
cross sections. As a result, future printed stretchable interconnects can be optimized on a
computer prior to printing.
Therefore, it was demonstrated that spiral interconnects have low strains even for thick
interconnects. DOD print was used to fabricate spiral interconnects spanning 10 mm and
cycled 1000 times to stretch ratios of 160 and 180 % with less than 2.5 % variation in mea-
sured resistance. Additionally, finite element analysis (FEA) simulations of the deformed
shape during stretching agree with optical images of actual samples, demonstrating that
even though the printed interconnects are porous with nonuniform cross-sections, the defor-
mation can be accurately predicted even from simplified models. The printed stretchable
interconnects can be used to connect many different type of functional units that are on
isolated islands, such as CPU, memory, A/D converter, regulator, and bluetooth devices.
3.3 Reactive silver ink as front contacts for high efficiency Silicon Heterojunc-
tion solar cells
This next application of reactive inks showcases how if optimized properly, they could
prove to be a disruptive technology in the field of photovoltaics. Here, their applications in
future SHJ cells is shown and compared to the existing screen printing technology. This work
was done in collaboration with Dr. Mariana Bertoni’s group at Arizona State University.
Low-resistance Ohmic contacts formed at low temperatures expand photovoltaic device
opportunities to include thermally sensitive layers while reducing thermal budget during
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Figure 3.7: Comparison FEA vs experimental results for stretch ratios for λ = 0% to λ =
160%. Notice that the simulation closely matches the shape of the experimental results. The
graph at the bottom shows the maximum strain vs stretch ratio (λ) from the simulations.
An exponential fit of ǫ = 0.002 × e0.013·λ agrees well the simulated strain, showing that the
strain starts extremely small and increases exponentially with stretch ratio.
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fabrication. SHJ solar cells cannot be processed over ˜200 °C because of temperature induced
degradation of surface passivation provided by hydrogenated amorphous silicon. Efficiencies
of these cells are limited by high series resistance, which primarily arises from the use of
relatively high-resistivity silver paste contacts that are formed at low-temperature. We
report the formation of highly conductive contacts by drop-on-demand printing of reactive
silver inks at low temperatures between 50 and 110 °C, resulting in resistivities approaching
that of bulk silver. Reactive silver ink printed as a front grid on a SHJ solar cell resulted in
a cell series resistance of 1.8Ωcm2 compared to 1.1Ωcm2 for a cell screen printed with low-
temperature silver paste. These results show that, before optimization, reactive silver ink
contacts perform comparably to pastes that have been custom developed and commercialized
for this specific application.
3.3.1 Motivation
High temperatures (>400 °C) are typically required for the formation of low-resistance
Ohmic contacts in order to form an alloy at the interface between metal and semiconductor,
or to evaporate conductivity-limiting residues in conductive pastes. Formation of such con-
tacts readily at lower temperatures broadens optoelectronic device applications to include
thermally sensitive substrates and electronically active layers [7, 10, 17, 91].
Currently the highest efficiency, non-concentrated Si-based photovoltaic technology is the
SHJ cell. One limitation of SHJ cells is high series resistance (RS), that primarily results
from the relatively high-resistivity, low-temperature Ag paste that is used to make front
contacts. Lower resistance Ag pastes are available for use in diffused junction solar cells which
withstand temperatures over 1000 °C. SHJ cells are markedly more thermally sensitive, since
surface passivation –typically provided by hydrogenated amorphous Si– starts to degrade as
temperatures exceed ˜200 °C [92]. Therefore, reducing RS –by reducing the bulk metal
resistance and specific contact resistance—is strategic in achieving higher efficiency SHJ
cells. Such issues of thermal sensitivity and detrimentally high RS are not only limited to
SHJ cells; other photovoltaic technologies such as perovskites, and organic photovoltaics can
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drastically improve performance from alleviating these complications.
Metal contact preparation by drop-on-demand (DoD) printing of conductive polymers—
predominantly conductive polymer inks, and metallic nanoparticle inks— has enabled indus-
trially competitive, low-waste, roll-to-roll production of printed contacts. However, conduc-
tive polymer inks exhibit relatively high resistivity, and metallic nanoparticle inks still require
over 200 °C annealing to render the ink conductive [7,17,91]. Additionally, DoD printing of
particle-and nanoparticle-based inks suffer from clogging of high-resolution, small-diameter
nozzles; particles in the ink aggregate and form large clusters, thus restricting the printed
feature size to that of larger nozzle diameters.
In this study, we present the application and path toward optimization of reactive silver
ink (RSI) as front contacts to SHJ cells. As discussed in detail earlier in chapter 1, RSI
enables (DoD) printing of highly conductive features at low temperatures (typically 35–120
°C) without the need of a post-deposition anneal.
3.3.2 Inks used
Walker’s ink system diluted with ethanol in the ratio 1:10 and 1:1 by volume (Ag ink:
EtOH – 1:10 and 1:1) was used for printing.
3.3.3 Device fabrication
DoD RSI contact pads (7 × 7 [mm2]) were printed at substrate temperatures of 51, 78,
and 108 °C for bulk media resistivity measurements. 7× 7 [mm2] contact pads were formed
from a low-temperature silver paste by screen printing (SP Ag Paste). SP Ag Paste contacts
were annealed in a muffle furnace in air for 20 minutes at 200 °C in order to cure the paste.
Resistivity was measured using four-point probe. Specific contact resistance of metal/ITO/Si
was evaluated by transfer length measurements (TLM).
SHJ solar cell samples (2 × 2 [cm2]) were fabricated on 180µm-thick n-type Si wafers
after standard chemical texturing and cleaning. Layers of the cell from bottom to top
were Ag(sputtered)/ITO/a-Si(n)/c-Si(n)/a-Si(p)/ITO. Front metallization grids were pre-
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pared on half of the samples with SP Ag Paste. The other half of the samples have front
metallization grids formed from DoD RSI contacts printed at a substrate temperature of
78 °C. SHJ cells were characterized by one-sun and suns-VOC current density-voltage (JV)
measurements using a Sinton FCT-400 Series Light IV Tester. RS is calculated from the
voltage difference at the maximum power point (MPP), from the Suns VOC and One Sun-
JV curves [93,94]. Contact morphology and thickness were measured using a Bruker Dektak
XT stylus profilometer and cross-sectional scanning electron microscopy (SEM) was done
at an accelerating voltage of 10 keV using an Amray 1910 FESEM system. Finger contact
widths were imaged by optical microscopy.
3.3.4 Device testing
As mentioned earlier, it was shown that DoD RSI printing process can be optimized
via variation of several parameters including solvent to ink ratio, and substrate printing
temperature. However, in this study the electrical characteristics of these prints at these
different parameters is observed. At a substrate temperature of 51 °C, the 10:1 (ethanol:RSI)
DoD RSI contact pad had a resistivity of 3.7µΩcm. For reference, this is about one fifth of the
resistivity of SP Ag Paste contacts (20µΩcm) that have been cured at 200 °C for 20 minutes.
For a substrate temperature of 78 °C, the resistivity the 10:1 and 1:1 DoD RSI contacts are
only marginally higher, at 4.1 and 4.4µΩcm, respectively. At higher temperatures, and
higher Ag loading (i.e. the 1:1 ink compared to the more dilute 10:1 ink) the precipitation,
and aggregation of Ag occurs faster than the ethanol can be evaporated, leading to higher
porosity. As the porosity of a metal increases, the resistivity increases disproportionately due
electron energy loss as the conduction path proceeds through irregularly contacted particles
in the porous film [95].
The rate of evaporation of ethanol increases with increasing temperature. When the sub-
strate temperature is elevated to 107 °C, the resistivity of the 1:1 DoD RSI contact (2µΩcm)
approaches that of bulk Ag (1.6µΩcm). The various substrate printing temperatures and
different solvent to ink ratios show the conditions that produce the lowest resistivity of the
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DoD RSI contacts. Furthermore, the DoD RSI recipe and processing parameters have been
optimized to reduce porosity and are reported elsewhere [40].
Next, to compare our DoD RSI contacts to state-of-the- art screen printed contacts, SHJ
cells were prepared identically, with the exception of front metallization method. Figure 3.8
shows fingers formed from SP Ag Paste (a) and from DoD RSI (b). Fingers formed from
SP Ag Paste are around 110µm wide. DoD RSI fingers demonstrate achievement of thin
(about 90µm wide) continuous fingers. It should be noted that the jetting nozzle used to
form these DoD RSI finger contacts has a 60µm orifice. Since this printing method deposits
a precursors for a chemical reaction —not particles suspended in a solvent —smaller nozzles
can be used (without clogging) to achieve finer line widths with higher resolution features
than screen printing processes that are restricted by mesh opening dimensions.
Figure 3.8: Top-down view optical microscope images of finger contacts formed from a)
screen printed Ag paste, and b) DoD RSI.
The DoD RSI fingers were formed by five passes of the printer over each finger feature,
however they are lower in aspect ratio compared to the SP Ag Paste fingers. Figure 3.9
a shows a cross sectional SEM image of an “ideal” high- aspect-ratio finger formed from
screen-printing of Ag paste from. In contrast, Figure 3.9 b shows a cross sectional SEM
of our porous, low-aspect-ratio DoD RSI finger on a textured SHJ solar cell. Ag spherical
41
particles ranging from about 25− 250 [nm] are dispersed through the valleys of the textured
cell, leaving some of the peak tops exposed. Although the bulk media resistivity of SP
Ag paste contacts is about 5 times higher than that of DoD RSI contacts, the very low
cross-sectional area of the DoD RSI fingers results in higher resistance.
Solar cell series resistance (RS) is comprised of the resistance contributions of the front
grid metallization, the specific contact resistance (ρc), and the resistance of the solar cell
stack. Hence, it is imperative to reduce finger resistance and ρc in order to minimize RS,
and achieve higher efficiency. DoD RSI contacts had a wide spread of ρc values, ranging
from 10−4 − 10−3[Ω · cm2], while the ρc of the SP Ag paste contacts were on the order of
10−3[Ω · cm2]. We suggest that the large dispersion in ρc for DoD RSI contacts is due to
the porosity of the contact; areas where the interfacial contact between the Ag particles and
ITO is higher, ρc is at the lower end of the range reported. Conversely, fingers with less
interfacial connectivity result in ρc in the higher end of this range. Aspect ratio of DoD RSI
fingers can be optimized simply by printing more layers of RSI, which should improve the
finger resistance and decrease RS.
Lastly, the IV characteristics of RSI was compared to the screen printed pastes. Fig-
ure 3.10 shows one-sun current density-voltage (JV) characteristics of SHJ cells with front
contacts formed from SP Ag Paste (dashed) and DoD RSI (solid) methods. Since all cells
were prepared identically except for the front metallization method, the difference in Rs can
be assumed to be only a result from differences in the front contacts. Both cells demonstrate
similar pseudo-fill factors (pFF) around 81 %, however the DoD RSI cell exhibits a notably
lower fill factor (FF), about 3 % absolute. This drop in FF is a result of an adversely high
RS of the DoD RSI front contacts. Compared to SP Ag paste, DoD RSI has lower bulk
media resistivity, and lower ρc. However, DoD RSI cell exhibits slightly higher RS than SP
Ag paste cell. We suggest that the higher RS in the DoD RSI cell is due to the porosity
and feature sizes approaching the percolation threshold [96], resulting in higher resistivities
in narrow, low aspect ratio fingers on the textured cells.
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Figure 3.9: Cross-sectional scanning electron microscope images of finger contacts formed
from double-printing of a) screen printed Ag paste, b) and DoD RSI.
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Figure 3.10: One Sun-IV curves for screen printed Ag paste (top), and DoD printed reactive
silver ink (bottom) front contacted SHJ solar cells.
Hence, it was shown that Drop-on-demand printing of reactive silver ink forms highly
conductive contacts at temperatures as low as 51 °C, with a minimum resistivity of approx-
imately 2 [µΩcm]. When printed at 78 °C, this DoD RSI yields, porous, high purity Ag
features. Similar pFF , JSC and VOC were exhibited by both SHJ solar cells with DoD RSI,
and with SP Ag paste front contacts. The DoD RSI cell had series resistance only slightly
higher than for cell with SP Ag paste. This shows that even without much optimization,
DoD RSI front contacts preform similarly to SP Ag pastes that have been custom-designed
and commercially produced for this application.
3.4 Adhesion of reactive silver inks on Indium Tin Oxide (ITO)
Now that it has been established that reactive silver inks are potentially beneficial for use
as front contact metallization on solar cells, their adhesion to the top layer of SHJ cells which
is made up of ITO is then investigated. Preliminary investigations showed that the adhesion
and reliability of these metallizations could vary dramatically with ink composition. This




Photovoltaic solar cells require electrical contacts on both the front and back surfaces to
facilitate current collection. Frontside electrodes typically consist of metallic grids, which are
designed to minimize power losses due to resistive losses and shadowing [97]. Often frontside
grids have high-aspect ratio fingers less than 60µm wide and greater than 30µm high to
provide high current-carrying cross-sectional area while minimizing shadowing effects [98].
Front-side electrodes of most commercial photovoltaic cells are manufactured using screen-
printed silver pastes [99, 100]. These pastes consist of Ag particles in a mixture of SiO2
particles, solvents, binders, and other resistive materials that modify the rheology of the paste
and improve adhesion [98]. A heat treatment step is required after screen-printing to drive off
the organic additives, to thermally sinter the silver particles together for improved electrical
conductivity, and to establish a reliable electrical contact with the silicon substrate [101–104].
Many emerging photovoltaic architectures show potential for high efficiency, but contain
layers that are not compatible with traditional silver paste metallizations. For example,
SHJ cells contain hydrogenated amorphous Si passivation layers that degrade above 200
˚C [10]. Therefore, low-cure-temperature silver pastes must be used. However, these have
relatively high media resistivities and use significantly more silver per solar cell—about 200
mg Ag/cell compared to 100 mg Ag/cell for high-cure-temperature Ag pastes. Additionally,
SHJ cells are topped with a transparent conducting oxide made of indium tin oxide (ITO)
to improve lateral transport of current to the front grid. Our previous work with reactive
silver inks (RSI) has demonstrated that RSI are a promising new metallization method for
photovoltaic cells compatible to thermally sensitive substrates [105]. While these results
were encouraging, internal testing showed that the adhesion between the reactive silver ink
metallizations and the underlying substrate varied with small changes in ink composition and
substrate temperature during printing. Given that delamination at the adhesion layer can be
a primary failure mechanism in photovoltaic cells [106,107], this work aims to elucidate the
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underlying mechanism for as-printed delamination at the Ag/ITO interface and demonstrate
preliminary reactive inks with good adhesion.
In this study, 180˚ peel test experiments were performed to characterize the adhesion
strength of drop-on-demand (DOD) printed silver metallization lines on ITO. A narrowed
parameter space investigation of ink concentration and number of layers is carried out with
a goal to differentiate “good” adhesion from “poor” adhesion, where “good” adhesion is
defined as metallization layers showing less than 5 % area loss in a 180˚ tape peel test as
measured from top-down optical microscopy.
3.4.2 Inks used
Walker’s ink system diluted with ethanol in the ratio 1:10 and 1:1 by volume (Ag ink:
EtOH – 1:10 and 1:1) was used for this study.
3.4.3 Device fabrication
ITO-coated substrates were fabricated by coating 2 cm × 4 cm silicon substrates with
80nm of ITO deposited using DC magnetron sputtering. An O2 plasma surface treatment
was conducted immediately prior to RSI printing to improve the wetting of the silver inks
on the ITO surface. This improves the continuity of the silver during DOD printing. O2
plasma treatments were performed in a Venus 25 Plasma Etch system at 60 W for 5 s with
0.01 [ L
min
] of O2 and 0.005 [
L
min
] Ar held at 0.2 torr.
Contact angle measurements were collected from reactive silver ink pipetted on ITO/Si
substrates before and after plasma treatment to confirm that the substrate was hydrophilic.
An in-house goniometer was constructed from Dino-Lite AM3111T handheld digital micro-
scope and a Litepanels Sola ENG backlight source. DinoXcope software was used to capture
the contact angle images, and ImageJ was then used to estimate the contact angles of the
droplets from the captured images. Prior to plasma treatment, the contact angle of undiluted
RSI on ITO was measured at 67˚. After plasma treatment, the RSI droplets were found to
completely spread on the ITO surface with contact angles less than 10˚ (the smallest angle
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that could be measured using this setup).
All printing was done using the MicroFab Jetlab II with precision stage and a digital
pressure controller. During printing, the ITO-coated substrates were held at 66 ˚C as
measured by thermocouple in contact with the top of the substrate.
Further, a glass slide was cleaned prior to droplet deposition on the substrate. Five
micro-liter of a 1:1 RSI was then pipetted onto the glass slide, and the droplet evolution
was captured using a Navitar UX100 high-speed camera along with a 6× zoom body with
3 mm fine focus. This was repeated for multiple layers to simulate the effect of printing
multilayered silver contacts on ITO.
Initially, the 1:1 RSI ink was printed with 3, 7, and 15 print layers on the ITO/Si
substrate. Each of the 3-, 7-, and 15-layer samples consisted of three printed Ag lines, 40
mm in length and spaced 3 mm apart (Figure 3.11). The three Ag lines within a sample set
were named L1, L2, and L3 corresponding to the top, center, and bottom lines, respectively.
Next, to test the effects of droplet diameter on adhesion, the printing parameters were varied
to produce 28µm and 35µm droplet diameters. 1, 3, 5, 7, 9, 11, 13, and 15 layers were printed
for the 1:1—Ag/ ethanol ink, while up to 75 layers were printed for the 1:10 ink. 75 layers
were chosen to deposit a comparable mass of silver per unit width as in a 15-layer line of the
1:1 sample.
3.4.4 Device testing
Figure 3.11 shows a schematic of the silver lines on ITO/Si before peel testing followed by
top-down SEM micrographs of the printed silver lines from three different samples printed
with 3, 7, and 15 layers of silver, respectively.
The lines marked L1, L2, and L3 from the schematic correspond to the top, center, and
bottom lines of each printed sample set. The SEM image of the 3-layer sample shows a
relatively uniform printed line. For the 7-layer sample, small divots and rough abnormalities
are observed in the silver line morphology, and in the 15-layer sample, these effects were
significantly more pronounced with numerous regions within the printed line appearing to
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pucker and flake off from the substrate. From these preliminary results, it appears that
puckering increases with increasing number of layers. This puckering implies that the silver
is delaminating from the ITO substrate and the adhesion strength is expected to decrease.
Thus, as the number of layers increases to reduce the resistance of the printed silver line,
the adhesion strength will decrease. This tradeoff presents a challenge since ideal front-
grid metallization requires both good adhesion strength and high-aspect ratio fingers for
minimizing resistive and power losses.
Next, preliminary peel tests (180˚) were conducted on these silver lines printed on
ITO/Si. The average line widths were quantified from the stitched optical images using
Adobe Photoshop CS and ImageJ software. These 180˚ peel tests were used to verify that
increasing puckering leads to decreases in adhesion strength. Qualitative and quantitative
analyses of the 3-, 7-, and 15-layer samples post-peel testing are presented in top-down SEM
images in Figure 3.12 a. Figure 3.12 b shows the load versus extension curves for the three
samples. While the observed adhesive failure within the printed silver line of the 3-layer
sample was minimal at less than 5%, approximately 25 and 70% area loss was observed in
the 7-layer and 15-layer samples, respectively. The vertical red lines labeled L1, L2, and L3
indicate the locations of the three silver lines within each sample set. Peaks in load were
observed as the tape passed over the three Ag lines in the 3- and 7-layer samples during peel
testing. The peaks occur due to higher adhesion force between the tape and Ag, compared
to the tape and ITO. Reduction in the magnitude of the peak force for the 7-layer samples
indicates decreasing mean adhesion strength and, in this case, increase in as-printed delam-
ination and puckering. For the 15-layer sample, the peaks are replaced with dips, indicating
that the net adhesion strength within the silver film is less than the adhesion between the
tape and the ITO. Overall, the extensive puckering seen in the 15-layer sample prior to peel
test resulted in lower adhesive strength of the printed silver lines.
It is important to understand how printing parameters influence puckering and as-printed
delamination. Since the parameter space for DOD printing and reactive inks is large, this
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Figure 3.11: Schematic of silver lines printed on ITO/Si followed by top-down SEM micro-
graph of a 3, 7, and 15-layer samples printed using Ag/ethanol—1:1 ink shown from top
to bottom. Zoomed-in regions of the printed lines are shown on the right for clearer view
of puckering effects. The puckering effect becomes more prominent as the number of layers
increases. Scale bars for the images on the left are 100µm and 20µm for the images on the
right.
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Figure 3.12: a) SEM top-down micrographs of 3, 7, and 15-layer samples after peel testing
using masking tape. The 3-layer sample does not exhibit any visible adhesive failure. The
7-layer sample shows a few regions of adhesive failure, and the 15-layer sample exhibits
extensive adhesive failure, and b) Load versus extension plots.
study limited itself to using the silver diamine reactive ink (see Experimental Methods)
with the best characteristics for solar cell front-grid metallization as determined in earlier
studies; The silver diamine reactive ink used in this study was printed at 66 °C using the
parameters optimized for low porosity and media resistivity [40]. With these parameters
kept constant, the droplet diameter, ink dilution (1:1 and 1:10—silver reactive ink/ethanol
by volume), and number of layers were varied. This variation in number of layers within the
optimal parameter space allows for additional optimization of both adhesion strength and
line resistance. Ink dilution impacts contact angle, silver ion concentration, and porosity.
The 1:10 diluted inks found to produce films with the lowest porosity for that study (≈
55%) [40]. Furthermore, droplet diameter impacts the amount of silver ions in each droplet
along with the time it takes to evaporate each droplet [108].
Preliminary tests suggested that droplet diameter impacted adhesion for the 1:1 inks.
First, to systematically test this, silver lines were printed with the Ag/ethanol—1:1 ink dilu-
tion using two different droplet sizes, 28µm and 35µm. These diameters represent the range
of droplet diameters that were reproducible from the same nozzle through adjusting printing
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parameters. Since different droplet diameters deposit different amounts of silver/droplet and
also deposit different line widths, the data were normalized by the mass of silver deposited
per unit width. The percentage of adhesive failure area in Figure 3.12 was measured using
top-down optical images of the samples. Figure 3.13 a, b plots the mass of Ag per unit width
( µg
µm
) versus failure area and peak-to- valley roughness (Rz). The top-down optical images on
the left show the representative images for the 28µm (blue border) and 35µm (red border)
droplets.
The failure area within the lines after peel testing increases with increasing droplet di-
ameter and the number of layers as seen in Figure 3.13 a. Note that the amount of failure
is greater in the larger droplet samples reaching 55 % failure compared to the 15 % for the
smaller droplet samples. This implies that the failure increases with number of layers or in-
creasing silver content within each printed line. The peak-to-valley roughness of the printed
samples was also observed to increase with increasing puckering and increased failure area
as seen in Figure 3.13 b. Rz is greater for larger droplet samples reaching a maximum of
about 40µm, and Rz for the smaller droplet samples is lesser in comparison and peaks at
about 25µm. This further solidifies the conclusion that as silver content per line increases,
the puckering effect also increases leading to higher failure area during peel testing. The
increasing failure area with increasing number of layers can clearly be visualized from the
optical top-down images for both the samples as shown on the right of Figure 3.13 where
the underlying silicon substrate (light blue) is exposed within the silver line area.
In the next study, the 1:10 dilution ink was used for printing to test adhesive failure from
peel testing in denser lines. Silver lines were printed with the Ag/ ethanol—1:10 ink dilution
with a droplet diameter of 35µm. Figure 3.14 has a similar layout to Figure 3.13 and shows
plots of Ag/width versus failure area and Rz on the left and optical top-down images of the
lines after peel testing on the right for this specific ink dilution and droplet diameter.
The overall adhesive failure for the 1:10 sample is lesser than the 1:1 samples and peaks
at about 15 % failure area at about 0.015 [ µg
µm
] of silver. After increasing the silver content
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Figure 3.13: Plots for a) Ag/width versus failure area using Ag/ ethanol—1:1 ink with
28µm and 35µm droplet size (blue— 28µm droplet, and red—35µm droplet samples); the
failure area increases as Ag/width (e.g., number of layers) increases in both cases. Failure
area is greater for the 35µm droplet sample indicating more adhesive failure, and b) plots for
Ag/width versus Rz shows that peak-to-valley roughness also increases as Ag/width increases
for both droplet sizes. Rz for the larger droplet reaches a higher maximum indicating more
printing-induced puckering. On the right are optical top-down images of a small portion of
the printed lines for both droplet sizes showing adhesive failure.
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beyond about 0.015 [ µg
µm
], the adhesive failure starts to decrease. Also, Rz for this sample set
is much lower compared to the 1:1 samples and peaks at about 10µm, indicating reduced
puckering or printing-induced delamination within the sample.
The sequence in Figure 3.15 illustrates a likely puckering mechanism. The left and center
columns schematically illustrate the sequence of events and what the cross section of the film
would look like. The right column shows top-down images of 1:1 RSI taken with a high-speed
camera. It is known that the films produced with these reactive inks are highly porous [40]
and that the solvents used in the inks will likely percolate through any open-cell networks.
As a result, an existing silver film is likely to be porous (Figure 3.15 a). As additional layers
are printed, the ink will quickly percolate through the porous film (Figure 3.15 b). The RSI
used in this study is stabilized by an excess of ammonia and will quickly reduce to form
solid silver at the liquid/vapor interface near the top of the droplet (where the ammonia
evaporates the quickest). Depending on the size and shape of the pores and the thickness of
the porous layer, substrate temperature, and ammonia evaporation rate, either one of two
things is likely to occur: (1) the pores are large enough or the film is thin enough that the
reaction proceeds without closing the pores and the solvent is able to escape; or (2) the pores
are thin enough and film thick enough that the pores near the top surface of the silver film
close off before the percolated sol- vent can completely escape. In the first case, the adhesion
will not degrade. In the second case, puckering will be observed as the trapped solvent
vaporizes and, unable to escape, it causes the film to locally break apart (Figure 3.15 c and
d). Each subsequent layer would increase the amount of puckering until the film completely
degrades leading to more printing-induced delamination (Figure 3.15 e).
For the 1:1 samples, the pores are small with respect to the film thickness. As a result, the
ink from subsequent layers seeps through the pores. Since silver self-reduces as the ammonia
concentration decreases, the pores at the liquid/vapor interface quickly seal up where the
ammonia rapidly evaporates from the surface. This sealing phenomenon traps the remaining
solvents, which increases internal pressures as these solvents heat up and then vaporize.
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Figure 3.14: Plots for a) Ag/width versus failure area using Ag/ ethanol—1:10 ink with
35µm droplet size; the failure area increases as Ag/width (e.g., number of layers) increases
until 11 layers are printed and then starts decreasing, and b) plots for Ag/width versus Rz
show that peak-to-valley roughness also increases slightly as Ag/width increases, although
the magnitude of Rz is much lower compared to the 1:1 samples. This indicates that the
magnitude of printing-induced delamination is smaller for the 1:10 samples. On the right
are optical top-down images of a small portion of the printed lines showing adhesive failure.
The dark regions are due to scattering where the silver film is very rough.
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This internal pressure can be relieved if either the silver film breaks apart or if the silver film
delaminates from the substrate. While the exact ratio between the two failure mechanisms is
unknown at this time, it is clear from Figure 3.13 and Figure 3.14 that substrate temperature
and ink composition impact the which failure mechanism dominates.
From chapter 2, previous studies showed that the porosity of the silver diamine (I) ink
varies with substrate temperature, solvent selection, and dilution. In general, these studies
showed that dilute inks produced less porous films than concentrated inks and that inks
diluted in solvents with high vapor pressure also produced less porous films. In this work,
we chose ink dilutions (1:1 and 1:10) to match those from my preliminary studies so that the
impact of dilution, its corresponding porosity, and the resulting adhesion strength could be
loosely correlated. As shown earlier samples printed with the 1:10 inks are inherently denser
and pore sizes smaller than the samples printed with the 1:1. I propose that the adhesion
strength of the films printed with this particular silver diamine reactive ink decreases with
increasing porosity and that denser films increase adhesion strength by reducing the amount
of solvent trapped within the evaporating film. The decrease in adhesion strength with
increasing number of layers is attributed to the repeated straining of the substrate/film
interface as the ink from each additional layer seeps through the film to the substrate/film
interface and evaporates.
The initial increase in failure area of the 1:10 ink followed by a decrease in failure area (see
Figure 3.14 a) is still under investigation. We suspect that the lower porosity and thinner
film produced by the 1:10 ink allow the film to “recover” from the early damage caused by
trapped solvents. Specifically, any breaks in the initial few layers could be filled in by later
layers in a manner that doesn’t trap solvent and lead to delamination of the film. While
the exact mechanism for delamination is still under investigation, these results do show that
silver films with good adhesion to ITO-coated substrates can be deposited at temperatures
conducive to SHJ and other temperature-sensitive applications.
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Figure 3.15: Schematic of droplet evolution of a second RSI droplet on a porous silver struc-
ture leading to puckering. The schematics in the left column indicate the various stages of
a multilayered evolution. The center column shows 2D cross-sectional schematics of the dif-
ferent stages, and the image on the right is the top-down high-speed camera video snapshots
corresponding to each stage.
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Therefore, the impact of solvent dilution and the number of layers on the adhesion be-
tween DOD-printed RSI inks and ITO substrates were investigated. Two different dilutions
of the reactive ink (RSI/ethanol—1:1 with 28µm and 35µm droplets, and RSI/ethanol—
1:10 with 35µm droplets) and varying number of layers were used to understand the effect
of the concentration and amount of silver on a printed contact. Inks with higher silver
concentration resulted in more puckering and lower adhesion. Diluting the ink 1:10 by vol-
ume with ethanol showed significant improvements in adhesion strength, with under 5 %
area failure during the adhesive peel test (compared to 51 % in the higher concentration
RSI ink). Most importantly, we show that adhesion of reactive ink metallizations can be
significantly improved while still forming high- aspect-ratio silver lines. Through printing
of diluted inks with small droplet diameters and multiple-layer thickness, high-adhesion-
strength, low-resistance front-grid metallizations can be formed from DOD- printed reactive
inks. These results highlight the complex interactions between reaction kinetics, mass trans-
port, and heat transfer on the external device outputs such as adhesion and series resistance.
The high adhesion strength exhibited by the 1:10 RSI recipe can pave the way for reliable
low-temperature metallization on SHJ solar cells at reduced costs.
3.5 Investigation of electromigration effects in printed reactive ink Ag struc-
tures
Finally, a common failure phenomena in the field of microelectronics was evaluated.
Electromigration is a common mode of failure in metal contacts in the electronics industry.
Electromigration is the transport of material caused by the gradual movement of the ions
in a conductor due to the momentum transfer between conducting electrons and diffusing
metal atoms. As the structure size in electronics such as integrated circuits (ICs) decreases,
the practical significance of this effect increases.This effect decreases the reliability of chips
(integrated circuits (ICs). It can cause the eventual loss of connections or failure of a circuit.
Since most of the applications of the proposed silver reactive ink are for printed electronics,
studying this effect provides useful insight into the applicability of reactive inks in printed
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electronics. his work was done in collaboration with Dr. Terry Alford’s group at Arizona
State University.
In this study, silver lines are printed with Walker’s ink. The electromigration failure of
the printed silver is first studied using Black’s equation. However, due to the porous nature
of the printed Ag line, Black’s equation is not the best fit for predicting the lifetime, this is
because Black’s equation does not take into account morphology-induced current crowding.
We find that the resistivity of the printed Ag lines can be described (as a function of void
fraction) by percolation theory. In addition, we also demonstrate that the failure lifetimes
of the printed Ag can be predicted quite well by a percolative model of failure.
3.5.1 Motivation
Printed microelectronics have the potential for broad application and ease of use. This
has been a driving force for significant advances in the inks that are used to print conducting
lines. Such advances include lower sintering temperatures and lower resistances [109–112].
For example, newer nanoparticle-based silver inks can be chemically sintered at room tem-
perature using polyanionic compounds [113,114]. Despite these advances, very few industries
outside of the photovoltaic industry have adopted silver inks for their metallization schemes
and even fewer use drop-on-demand (DOD) printed inks in real-world applications. This
limited adoption of DOD printed electronics can be attributed to the limited availability
of commercial-scale DOD printers capable of handling large production volumes with high
resolutions and the high cost of DOD-compatible nanoparticle inks. As mentioned earlier,
reactive inks are a new approach to DOD printed electronics that are easy to synthesize and
that often do not require high temperature sintering [38, 40]. Unlike traditional inks that
print clusters of particles, reactive inks print chemical precursors that react to form a solid
material [17,24]. These reactions can be initiated by elevated substrate temperatures (ther-
mally), solvent or stabilizing agent evaporation (chemically), or by some increased catalytic
activity of the substrate (kinetically) [17,19,20,22,115–117]. Recent advances in silver [17],
copper [24], and aluminum [22, 118]reactive inks have brought the reaction temperatures
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of these inks to below 180 ˚C and to even room temperature for silver- diamine based
ink [23, 25, 40]. Compared to silver paste and nanoparticle-based inks, these new reactive
inks provide superior conductivities (that are close to bulk material values) at lower tempera-
tures and significantly lower costs. Applications for reactive inks include printed electronics,
stretchable electronics [38],photovoltaic metallization [119], and more.
The long-term performance of conducting lines that are printed with reactive Ag inks
is currently unknown. This is because the most promising, low-temperature reactive ink
chemistries for Ag, Cu, and Al are fairly new, with keystone publications having appeared
only within the last few years [17,21,22,24,25]. As a result, the relationships among process-
ing parameters, printed physical structure, material properties, and long-term performance
have yet to be studied in detail. Of particular concern is how the porous nature of silver
that is printed from a reactive silver ink impacts its properties and reliability. Electromi-
gration and Joule heating are two phenomena that contribute to early failure in electronic
devices. For a high-quality, solid material, electromigration (EM) generates voids that, due
to current crowding, lead to localized Joule heating and rapid device failure [120]. The
failure time of metal lines due to electromigration is typically predicted by Black’s equa-
tion, which correlates the lifetime with the current density and temperature during the
electro- migration [121]. Since reactive inks currently print porous mate- rials with a large
volume-fraction of voids [40], these materials should experience earlier failure than con-
ducting elements fabricated using traditional methods (DC sputter coating, evaporation,
electrochemical deposition, etc.). However, no studies have been published that detail the
performance reliability of these printed reactive inks under a bias (temperature or current).
Initial stress tests of printed silver reactive inks showed lifetimes that were quite random and
that were independent of the current density. A deeper understanding of the relationship
between morphology and failure mechanisms is needed before reactive silver inks (RSI) can
replace more established particle-based inks and pastes.
59
3.5.2 Inks used
Walker’s ink system diluted with ethanol in the ratio 1:1 by volume (Ag ink: EtOH –
1:1) was used for printing lines for this study. This was primary to build up more printed
material in shorter periods of time.
3.5.3 Device fabrication
Single-line test structures were printed using the 1:1 EtOH:Ag ink on the glass substrates,
at 78 ˚C measured substrate temperature. Each of the printed lines had a length of 5 mm
with a pitch of 25 µm between droplets and a measured droplet diameter of 100 µm. A Dektak
XT stylus (12.5 µm stylus tip diameter) profilometer was used to collect cross-section profiles
across each sample. The cross-section area of each sample was calculated by integrating the
area under the measured profile.
3.5.4 Device testing
The structures were then tested for reliability on a probe station (MC Systems, Inc.,
Model 8832) equipped with a temperature-controlled hot stage. The samples were tested at
an elevated temperature of 94 ˚C to accelerate the failure process. Since early failure modes
occurred at the interface between the probe and the contact pad instead of at the Ag line,
conductive silver paint (Colloidal silver liquid, Ted Pella, Inc.) was applied on the contact
pads in order to increase the contact surface area and to decrease the contact resistance
between the probe and the contact pads to avoid the failure at their interface. The samples
were tested using two probes in contact with opposite pads. A constant current was applied
across the probes using an Agilent DC power supply (N5752A) and the voltage drop between
the probes was measured every 1 s using a Keysight digital multimeter (34461A) until an
open occurred in the line. Several different current values were applied to study the failures
under different current stresses.







Here, AB is a constant, J is the current density in
A
cm2
, ne is the current-density exponent,
Ea is the activation energy in eV , kB is Boltzmann’s constant, and T is the substrate
temperature inK. From Black’s equation, ne can be extracted by fixing the test temperature
and varying the current density [122,123].
The printed Ag line has a porous microstructure. A representative cross-section secondary
electron microscopy (SEM) image of an as-printed Ag line is shown in Figure 3.16 a. The
micrograph shows that the printed Ag film is porous and not solid. Due to the porous
microstructure, only the Ag component (in the printed line) carries the current. As a result,
the actual current-carrying cross-section area is equal to the cross-section area of Ag (AAg)
if the pores are taken out from the printed Ag sample and the sample is 100 % dense (0 %
porosity) as a result. AAg is calculated by dividing the volume of silver used in each printed
Ag line by the line length. Each Ag line was printed using the same known amount of
silver. Therefore, AAg is 152µm
2 and it has the same value for all of the samples. Next, the
current density (J) is obtained by dividing the current (I) by AAg (to take into the account
of current-carrying cross-section area). Six samples were tested using the same temperature
but different current densities, until they failed. Their failure times (tf ) are plotted on a
log-log scale, as the function of current density (J), as shown in Figure 3.16 b. For this
study, the failure time is defined as the time that Ag line breaks. According to Equation
3.1, tf vs. J should be a linear function on the log-log plot and the current exponent ne can
be estimated by calculating the slope. However, it is evident from Figure 3.16 b that the
experimental results do not fall on a straight line as would be predicted by Black’s equation.
We suspect that the erratic lifetimes of the RSI printed Ag lines is likely due to the porous
microstructure of the lines, and that Black’s equation cannot be used for these material
systems because the equation assumes a solid cross-section for calculating the current density.
This assumption breaks down for porous conductors because it does not account for current
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crowding in such porous materials [124,125]. With this in mind, it is clear that failure models
that account for porosity and morphology must be used when working with porous printed
conductors.
Percolation theory has been used to study the conductivity of carbon nanotube thin film
networks [126]. Similarly, to take into the account of the porosity of our printed sample, the
conduction of this porous structure can be described by a standard (unbiased) percolation
model [127, 128]. The line can be viewed as a random network of insulators (voids) and
conductive resistors (silver) [127, 128]. All of the resistors are assumed to have the same
resistance, in order to simplify the model. Based on percolation theory, the resistivity (ρ) is
a function of the void fraction, and is given by the following equation [129]:
ρ = ρ0(1− fV )
−m (3.2)
where ρ0 is the pre-factor and is proportional to the metal’s bulk resistivity, and m is the
percolation coefficient. The resistivity (ρ) of a printed Ag line is obtained from the measured
resistance, the measured area, and the line length. fV is the fraction of voids in the printed
sample.
Our measurements show that the measured cross-section areas are different from sample-
to-sample, even though the lines were printed using the same amount of Ag ink. This is
an indication of the variation in porosity from sample-to-sample and even within the same












where VAg and AAg are the volume and cross-section area if the printed Ag sample was 100 %
dense (0 % porosity), Vmeasured and Ameasured are the measured volume and measured cross-
section area of the printed Ag sample as determined by profilometry, and ll is the length of
the printed Ag sample.
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Figure 3.16: a) A cross-section SEM image of an as-imprinted Ag line, and b) Log tf as
a function of log J in printed Ag samples. Note that the data do not lie on a straight line
as would be predicted by Black’s equation. This indicates that Black’s equation cannot be
applied to materials where the actual current density is not well known.
The ρ and fV of several printed Ag samples were determined, to validate the percolation
model on the printed Ag sample. The resulting ρ is plotted as a function of fV and can be
fitted by Equation 3.2, as shown in Figure 3.17. The values of ρ0 and m were calculated
to be 1.51 × 10−5 [Ωcm], and 0.91, respectively. Using a least-squares model, the adjusted
R-square of fit was 0.97. Based on this fit, we conclude that the conduction pathways of the
printed reactive inks can be described by the standard percolation model.
Now, given that the conduction occurs via a percolation process, one would expect that
the failure should also occur by such a process. When failure occurs by the standard percola-
tive model, the damage would be uniform and dependent on a single test parameter [127,128].
In the case of electromigration, the failure occurs due to void formation and coalescence dur-
ing the current stressing [120]. The percolative model for predicting the electromigration
failure has to be biased given that the failure is nonhomogeneous, and it depends on the po-
sition and time [127,128]. Monte-Carlo simulations have been used to describe the evolution
of resistance for biased percolation [127, 128]. The scaling of the resistance as a function of
time (R(t)) is given by:





Figure 3.17: ρ as a function of void fraction (fV ) from the printed Ag samples before EM
testing. Experimental fit of ρ = ρ0(1 − fV )
−m with ρ0 = 1.51 × 10
−5 [Ωcm] m = 0.91; the
Adjusted R-square of fit was 0.97 using a least square fit method to fit lnR vs. ln(1−fV ), in
order to fit a linear line. These results show that the percolation model adequately models
the conduction pathways for these materials.
where R0 is the initial resistance, γv is a statistical variation factor which does not have
physical meaning but is due to statistical variation during data collection, t is time under
bias, tf is the failure time, and µp is the percolation parameter. µ p is dependent on the
current density and the temperature applied on the sample [127,128].
Next, two printed samples were tested under current densities of 2.63 [MA
cm2
] and 3.62 [MA
cm2
].
Both samples were tested at 94 ˚C until an open-circuit was measured (i.e., failure). Their
resistance as a function of time is plotted in Figure 3.18. Given that their initial resistance
and failure times are known, the γv and µp can be extracted by fitting the R vs. t curves
using Equation 3.4. A typical fit using Equation 3.4 is shown in Figure 3.18. The results
show that µp has the same value (of 0.012) when the samples have the same current density
(of 2.63 [MA
cm2
]). However, µp had a value of 0.048 when the sample was tested under a different
current (of 3.62 [MA
cm2
]). This result is consistent with the fact that µp depends on the current
density and temperature in the percolation model. The deviation of R from the fitting model
between 2000 and 2500 s is probably due to the evolution of the voids/pores in the printed
Ag line. It has been proposed34 that the resistance change depends on the void shape and
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the change in void volume, △R
R
= f · △V
V
. The volumes and shapes of the local pores/ voids
in the porous Ag line are more likely to change due to current-induced mass transportation.
This will cause a deviation of the R from the model, since the model does not take into
account the effects of changes in the local voids.




The percolative model can be further modified to incorporate the void fraction. In the
percolative model, R0, which is the initial resistance of the sample, can be related to the









Hence, the void fraction can be incorporated into Equation 3.4, by using Equation 3.5.








Further, Equation 3.6 shows that the porosity has a direct impact on the time dependent
resistance during biasing at high current levels. In addition, the EM failure-time and the
reliability of printed lines can be predicted using percolation theory. Future work will focus
on the use of Equation 3.6 to experimentally demonstrate that for similar structures (i.e.,
similar metals and with similar porosity) that are undergoing EM degradation, the exponents
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m and µp can be accurately extracted from a small population of samples.
Therefore, Ag metallization structures were printed by using reactive Ag ink. The relia-
bility of the printed single-line Ag structure was tested through EM. The test results were
first analyzed using Black’s equation. However, J vs. t did not follow Black’s equation.
SEM analysis showed that the printed Ag lines are porous. These results indicated that it
is inappropriate to apply Black’s equation to porous structures. In contrast, the conduction
in the porous Ag line was successfully described by using percolation theory. Therefore, we
expected that the percolative model should be able to describe the failures of the porous
printed Ag lines. Our analysis shows that R vs. t can be fitted well by the percolative model.
A dependence of µp on current density is observed in the experiment. This further supports
the hypothesis that the percolative model is valid for describing failures of porous printed
Ag lines. A model that links the physical structure and mass-transport to the life- time is
obtained by modifying the percolative model.
66
CHAPTER 4
CHEMICAL KINETICS OF REACTIVE SILVER INKS
From the previous chapters, it was shown that reactive inks potentially have tremendous
applications in various fields if designed properly. However, all the previous systems used
reactive inks based on the preliminary results without a deeper understanding of what causes
the reactive inks to change morphologies for different processing parameters. Hence the goal
of this work, moving forward is to develop a deeper understanding of reactive ink systems
such that their print morphologies can be predicted for any given set of processing parameters
so that they can be designed properly for any given application. This can be done in three
steps: 1) The first is understanding the underlying reaction kinetics of these silver reactive
ink systems. This will give us a better understanding of what reactant species contribute
the most to the overall reaction rate and how. Little is known about mass transport kinetics
of printed reactive inks or their impact on morphology and material properties. While
numerous models exist to guide the design of colloidal/particle based inks [27–30, 130] and
solute/precipitating inks so that a desired morphology can be targeted [31–37,131], no models
exist for reactive inks that include the kinetics of the reduction reaction, particle nucleation,
and particle growth. Unlike colloidal particle inks and solute precipitating inks, reactive
inks see an increase in particle formation with increased temperatures regardless of solvent
evaporation rate. In order to control the morphology and structured-dependent material
properties of printed reactive inks, the temperature and concentration dependent kinetics
of the reduction reaction must be studied in the context of the mass and thermal transport
within picoliter droplets on a heated substrate. To better understand how the mass transport
(fluid flow and evaporation), heat transfer, and reaction kinetics couple together to dictate
morphology, experiments to estimate reaction orders, rate constants and activation energies
of reactions have been conducted. This will be discussed in this chapter in detail. 2) Develop
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a COMSOL multiphysics simulation of a reactive ink droplet on a heated substrate in order
to obtain the temperature, velocity and concentration profiles within said droplet. This can
then be used to predict the local reaction rates at every point within the droplet domain by
overlaying the simulation results with the data obtained from the kinetics experiments test
the hypothesis that areas with high chemical potential will have the highest film densities.
This will be discussed in detail in chapter 5. 3) The final step is validation of the model using
printed reactive ink droplets and capturing the drop evolution using a high speed camera.
The experimental results of printed droplets will then be used to validate the simulation
results. This will be discussed ion chapter 5.
In this chapter, I will discuss some reaction chemistry basics, followed by the approach
taken to obtain the kinetics of the reactive ink systems under investigation. Following this,
I will talk about the experimental approach taken to obtain these kinetics and the results of
these experiments and their implications.
4.1 Kinetics of thermally vs. non-thermally driven reactive ink systems
As mentioned earlier, the first objective of this study is to understand the reduction ki-
netics of the reactive silver inks. This includes kinetics of grain nucleation and growth in the
silver reactive ink systems. This part of the study focuses on a few targeted printing param-
eters that are expected to dominate the kinetics of nucleation and growth: ligand/chelating
agent selection, temperature, and concentration. The selection of the ligand/ chelating agent
depends solely on what phenomena dominate the heat and mass transport within the reac-
tive ink droplet. If we consider a schematic representation of the transport phenomena in
reactive ink droplet as shown in Figure 4.1, we see multiple interfaces that are of interest.
These are:
(1) the Liquid/Vapor interface, where evaporation locally increases concentration, locally
decreases temperature, and drives fluid flow. At this interface, particle nucleation is likely
to be high for many ink compositions and a solvent/vapor trapping skin can form.
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(2) The Solid/Liquid/Vapor interface, which has the highest evaporation where high fluid
flow and particles aggregate into a “coffee-ring.”
(3) The Solid/Liquid interface, which has the highest heat transfer and a catalytic/seeded
surface leads to locally dense films and bottom-up growth.
(4) The Interior, which has the lowest concentration and temperature gradients.
For viscous inks with large contact angles, this region should have the lowest nucleation/
growth, creating a more porous film. However, for inks which have lower viscosities and/or
higher vapor pressures, the nucleation and growth in this region would be more prominent.
A cross section Scanning Electron Microscope (SEM) image of a printed reactive silver ink
droplet is shown on the right. The Walker’s ink [17] which contains ammonium hydroxide
as the complexing agent, formic acid as the reducing agent and silver acetate as the metal
salt was used to print this film. At the bottom, where the reaction is more thermally
driven, a seed layer is formed. At the liquid/ vapor interface, however, where the reaction
is evaporation dominated, a skin like layer is created and in the middle of the droplet where
fluid flow is more prevalent, both these mechanisms play an important role in the reaction
and a porous layer is formed.
Interestingly, from all the preliminary studies, it was observed that in Walker’s system
which uses high vapor pressure ammonium hydroxide (2240 mmHg) as the complexing agent,
most of the reactions, regardless of other processing parameters will be evaporation driven.
This is because the reaction is highly dependent on ammonium hydroxide concentration in
the droplet at any point in time. Therefore, with the help of my colleague, Ms. Carolina
Gaitan, we developed a silver reactive ink system which had more balance between thermally
and evaporation driven kinetics. This ink uses ethylamine whose vapor pressure is ≈ 3 times
lesser than ammonium hydroxide’s as the chelating agent and experimental studies were
conducted on both ink systems to determine their reaction kinetics.
Figure 4.2 shows the effect of using complexing agents with varying vapor pressures on
the evaporation vs. thermally dominating phenomena. Figure 4.2 a shows printed Walker’s
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Figure 4.1: Schematic illustrating interfaces that will be studied and the phenomena that
impact reduction rates and particle agglomeration. SEM on the right shows processing
conditions that produce a “mixed” system to illustrate how local conditions impact particle
nucleation and growth to form different morphologies. Ag skin forms at the liquid/vapor
interface, percolation network forms in the interior, and solid bottom-up growth occurs at
the solid/liquid interface.
ink where high vapor pressure ammonium hydroxide is the complexing agent. As a result, the
phenomenon within the evolving reactive ink droplet is evaporation driven which leads to the
skin like formation as discussed earlier. Figure 4.2 b shows a cross section image of Gaitan’s
ink of the same concentration printed at the same temperature. Since the vapor pressure
of the ethylamine which is the complexing agent used in this ink is lesser than ammonium
hydroxide, we do not see a skin like formation. This implies that in this scenario, the reaction
is not evaporation dominated but is a combination of thermal and evaporative phenomenon.
4.2 Introduction to basics of reaction kinetics
In this section, I will talk about the basics of reaction kinetics, and introduce some
common terminologies associated with reaction chemistry along with some examples which
highlight the implications of each kinetics element.
If we assume a simple chemical reaction that is as follows:
aA+ bB −→ Products
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Figure 4.2: Cross section SEM image of a) 0.5 M Walker’s ink printed on a glass substrate
at 80 ˚C, and b) 0.5 M Gaitan’s ink printed on a glass substrate at 80 ˚C.
Where, ’a’ and ’b’ are the number of moles of reactant species A and B respectively.
For the above mentioned reaction, consider the following example which shows arbitrary
consumption rates for the reactants A and B. This is shown below in Table 4.1.
Table 4.1: An example system where reactants A and B react to form some products. Let
us consider 1, 2 and 3 moles of reactants A and B which gives different reactant rates.










The rate of the reaction is a measure of how fast the reactants are consumed to form the
products, i.e., it is a measure of how fast the reaction proceeds forward. Generally, its units
depend on the units of the rate constant but for the above mentioned example, its units
are M/s. The reaction rate generally depends on the rate constant, concentrations of the
reactant species and the orders of the reactants. It is given by the following expression as
shown in Equation 4.1:
Rate = k[A]x[B]y (4.1)
Where, ’k’ is the rate constant [Units depend on the order of the reaction], [A] and [B]
are the concentrations of species A and B [M ], ’x’ and ’y’ orders of reactants A and B
respectively [-].
4.2.1.2 Order of reaction
Looking at the above system, it is clear that as the concentration of species A doubles,
the rate of the reaction doubles and as the concentration of species B doubles, the rate
quadruples. Therefore, relating concentration of species A to the reaction rate:
2x = 2– rate doubles as concentration doubles
=⇒ x = 1
Similarly, relating concentration and rate for species B:
2y = 4– rate quadruples as concentration doubles
=⇒ y = 2
The exponents ’x’ and ’y’ which are the orders of species A and B respectively, give us a
relation between concentration of a reactant and how it affects the rate. The overall order
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of the reaction will be the sum of the orders of each of the reactant species.
Order of reaction = x+ y = 3
4.2.1.3 Rate constant
The rate constant is the proportionality constant that relates the reaction rate to the
concentration of the reactant species. The rate constant is a temperature dependent function
and is defined by the Arrhenius equation:
k = A · e−
Ea
R·T (4.2)
Here, ’k’ is the rate constant [Units depend on the order of the reaction], ’Ea’ is the
activation energy [ kJ
mol
], ’R’ is the universal gas constant [ kJ
mol·K
], Temperature [K], ’A’ is
the pre-exponential factor which is a measure of the collision frequency [same units as k].
In order to better understand the units of rate constant, let us consider the following two
examples:
Example 1 – 1st order reaction:
Rate = k[A]1[B]0
In this reaction, the changing the concentration of B does not affect the reaction rate.
Comparing the units on both sides of the equation:
M
s










Therefore, the units of the rate constant, k, for a first order reaction are [1
s
].
Example 2 – 2nd order reaction:
Rate = k[A]1[B]1
In this reaction, reaction rate depends on concentration of both A and B.
M
s














Hence, the units of k for a second order reaction are [ 1
M ·s
]. Next, the approach used to
measure the reaction kinetics which include, the orders of the reactants, rate constants and
activation energies for both Walker’s and Gaitan’s ink system will be discussed.
4.3 Approach for measuring reaction kinetics
4.3.1 Vant Hoff’s method to measure order of reactant species
4.3.1.1 Experimental methods
In order to estimate the reaction kinetics of the reactive ink systems for both Walker’s
and Gaitan’s inks, Vant Hoff’s double log method has been adopted. Using this, the orders
of the reactants, rate constants, and activation energies of the reactions had been identified.
The overall reaction for the formation of metallic silver for both reactive ink systems was
considered as shown below:
Walker’s ink:




C2H5NH2aq +AgCH2COOHs +HCOOH −−→ [silver–amine complex] −−→ Ags
For both the ink systems, the final product is metallic silver regardless of the initial
concentrations of the reactants used. This is a key constituent in performing the Vant Hoff’s
experiments to estimate the reaction kinetics. The first set of experiments involve estimating
the orders of the reactant species. Vant Hoff’s method is also known as the method of initial
concentrations. This means that since there are three reactant species in both the systems,
the initial concentration of the reactant species whose order is to be estimated is varied while
the initial concentration of the other two reactant species in the ink is kept constant. Since it
is assumed that metallic silver is the only final product, known initial concentrations of the
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reactant species whose order is to be determined in the ink is used and the final concentration
of silver in the ink is measured after the reaction is allowed to proceed for known periods
of time. The final concentration of silver in the ink is calculated from the amount of silver
reduced (precipitated) in the ink solution after the reduction reaction is allowed to proceed
for four different time intervals. These experiments are carried out in closed reaction vessels
while being stirred continuously to maintain uniform temperature as shown in Figure 4.3
a. The vessels are closed in order to not let evaporative phenomena dominate the kinetics.
These reaction vessels are placed in a temperature bath whose temperature is monitored
constantly via a feedback thermocouple as shown in Figure 4.3 b. A maximum of four
reactions can be carried out simultaneously, with each using the same initial concentration
but run for different time periods.
The final solutions after the procession of the reactions for pre-determined times contain
the silver precipitate/ reduced silver in solution. This solution containing the precipitate is
poured out carefully into a centrifuge and centrifuged for 15 mins to separate the supernatant
from the precipitate. The supernatant is centrifuged three more times to completely separate
the precipitate from the solution. The sum of all the silver precipitates from all the centrifuge
is the total mass of silver reduced and this is subtracted from the initial mass of the silver in
the solution based on the initial concentration to get the final concentration of silver after
the reaction.
As mentioned earlier, first, different initial concentrations of the reactant whose order
is to be determined is taken and the reaction is run for pre-determined time intervals (75,
150, 225 and 300 mins). This then done for four different initial concentrations of the same
reactant species. The change in concentration over time is measured and plotted. All these
experiments are done at one particular temperature. A concentration fit is modeled and the
slope of the fit at the initial concentration gives the initial rate of reaction for each initial
concentration. Four different curves for time vs. concentration are thus obtained as shown
in which is a model as shown in Figure 4.4.
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Figure 4.3: Image of a) Closed reaction vessel with stir bars to stir the ink solution during the
reaction, and b) temperature bath capable of holding four reaction vessels simultaneously.
Temperature of this bath is maintained via a feedback thermocouple.
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Consider a reaction whose rate ’r’ is affected by a reactant of concentration ’c’. The rate
of consumption of the reactant over time is −dc
dt
. The negative sign indicates loss of reactant




= k · cn (4.3)
Where, ’r’ is the rate of the reaction [units depend on the units of rate constant, ’k’ is the
rate constant [ units depend on order of reaction], and ’n’ is the order of reactant.
Figure 4.4: Plot for time vs. concentration for reactant with four different initial concentra-
tions. The initial rate for each initial concentration is measured as a slope of the tangent at
the initial point of the curve.
Next, the fit for concentration vs. time is modeled as a concentration drop of an nth
order reaction as follows:
dc
dt




is the rate of change of concentration of silver in the ink, k is the rate constant,












= −k · t+D (4.6)









Substitute Equation 4.8 in Equation 4.6,
c1−n
1− n




c1−n = [(n− 1) · k · t+ c1−no (4.10)
⇒ c = [(n− 1) · k · t+ c(1−n)o ]
(1/1−n) (4.11)
This is the concentration fit as a function of time. The slopes of the tangents of these fitted
curves at each initial concentration c01, c02, c03,c04 give us the corresponding initial rates
r01, r02, r03,r04.
Integrating both sides of Equation 4.3, we get,
ln(r) = n · ln(c) + ln(k) (4.12)
Therefore, plotting logarithm of r01, r02, r03,r04 vs. logarithm of c01, c02, c03,c04 gives us a
straight line of the form y = m · x + c. Hence, from Equation 4.12, the slope gives us the
order and the y-intercept will give us the rate constant at corresponding temperature as
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shown in Figure 4.5.
Figure 4.5: Plot of ln(initial concentration) vs. ln(initial rate) for the initial rates obtained
from the previous plot. The slope gives us the order of the reactant.
Next, the activation energies of both the reactive ink systems have been determined
from the Arrhenius law. From Arrhenius law, we know that rate constant is a function of
temperature. Since, from the above experiments, we will already have the rate constant of the
reaction at one temperature, the experiments will be repeated at a different temperature to
get the second rate constant. The activation energy of the reaction is given by the Arrhenius
equation as follows:
k = A · e
−Ea
RT (4.13)
Where, ’k’ is the rate constant, ’A’ is the Pre exponential factor, Ea is the Activation energy
[ kJ
mol
], ’R’ is the universal gas constant =8.314 [ J
mol·K









This is again of the form of a line equation, y = m · x+ c. Hence, if we plot 1
T
vs. ln(k) for
two different temperatures with each having its corresponding rate constant, we will get a
straight line whose slope gives us the activation energy. Previously, the order of a reactant
species and rate constant of the reaction at one particular temperature (say Thigh) had been
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estimated using Vant Hoff’s method. Therefore, we have one rate constant (say k1) for this
corresponding temperature. Order of a reactant species does not depend on temperature.
Hence, repeating the reaction rate experiment at a lower temperature (say Tlow) to get a
plot of time vs. concentration for just one initial concentration of the reactant species whose
order is to be determined, would give us the initial rate at the lower temperature. This gives
us one data point for log initial concentration vs. log initial rate as shown in Figure 4.5.
Using the slope-point formula for a line, where the slope is the order of the reactant species
(since order is independent of temperature), the second rate constant (say k2) at Tlow is
obtained as the y-intercept as shown in Figure 4.6 a. Next, plotting 1
T
vs. ln(k) with the
rate constants, k1 and k2 obtained at Thigh and Tlow respectively, gives us the activation
energy of the reaction as shown in Figure 4.6 b.
4.4 Kinetics experiments’ results
As mentioned in the previous sections, the major contributors to the overall reaction
are silver acetate, complexing agent and formic acid giving pure metallic silver as the final
product. The Vant Hoff’s experiments mentioned in the previous sections were conducted on
each of the reactant species to estimate the reactant order, rate constants and the activation
energy of the reactions.
4.4.1 Walker’s ink system
4.4.1.1 Order of silver acetate, rate constant and activation energy of reaction
The order of silver acetate in the reaction for reduction of silver from Walker’s ink was
carried out by measuring the change in concentration over time for silver acetate with initial
concentrations of 0.5 M, 1 M, 1.5 M and 2 M. Next, four reactions corresponding to each
initial concentrations were allowed to proceed for 75, 150, 225 and 300 mins respectively by
keeping the concentrations of ammonium hydroxide and formic acid the same (17.76 M and
1.91 M base concentrations respectively). The temperature in the bath was maintained such
that all the ink solutions in the reaction vessels were at 80 ˚C. The final concentrations at
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ln(k) to get activation energy (Ea).
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each time interval for a corresponding initial concentration were measured from the mass
of silver reduced as the amount of silver remaining in the solution. The plot for time vs.
concentration is shown in Figure 4.7 a. The initial rates are given by the slope of tangents
of the curve fits at time = 0. The initial rates drop with decrease in initial concentration as
expected.
Next, a double log plot for initial concentration vs. initial rate is then plotted as shown
in Figure 4.7 b. The slope of the straight line gives the order of silver acetate with respect to
the reaction and the y-intercept gives the rate constant of the reaction as explained earlier.
The order of silver acetate with respect to the reaction was thus extrapolated as 1.99 and
the rate constant was found to be 5.9× 10−4.
As mentioned in the approach, the rate constant of the reaction has been estimated
for one temperature (80 ˚C) by varying the initial silver acetate concentrations. In order
to extrapolate the activation energy of the reaction occurring in Walker’s system, the rate
constant was estimated at a lower temperature (60 ˚C). Plot for time vs. concentration
along with the fit is shown in Figure 4.7 c. The double log plot is shown in Figure 4.7 d. The
double log of initial concentration vs. initial rate is plotted for only one initial concentration
at 60 ˚C. Since the order of the reaction is not dependent on temperature, a straight line is
drawn using the order of the reactant (silver acetate) as the slope of the line equation. The
y-intercept gives the rate constant at 60 ˚C. We see that the rate constant is 1.01 × 10−4
which is lesser than the rate constant at higher temperature of 80 ˚C as expected.
Now that we have two rate constants obtained for reactions occurring at two different
temperatures, , a plot for 1
T
vs. ln(k) is plotted as shown in Figure 4.8. The slope of
the straight gives −Ea
R
from Equation 4.14. The activation energy of Walker’s ink was
estimated to be 86.23 [ kJ
mol
] which is much lesser than the activation energy of silver acetate
decomposition which is about 330 [ kJ
mol
]. The activation energy of decomposition of silver
acetate was measured with the help of a TA instruments Discovery 25 Differential Scanning
Calorimeter (DSC) via the Ozawa-Flynn-Wall technique. The y-intercept gives the pre-
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Figure 4.7: Plots for a) time [min] vs. concentration [M] for initial silver acetate concentra-
tions of 0.5 M, 1 M, 1.5 M and 2 M over 300 minutes at 80 ˚C, b) Double-log plot for initial
concentration vs. initial rate for silver acetate at 80 ˚C , c) time [min] vs. concentration [M]
for initial silver acetate concentration of 2 M over 300 minutes at 60 ˚C, and d) Double-log
plot for initial concentration vs. initial rate for silver acetate at 60 ˚C.
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exponential factor (A).




] against ln(k). The activation energy of the reaction is extrapolated
from the slope.
4.4.2 Gaitan’s ink system
Similar experiments had been carried out using Gaitan’s ink system to estimate the order
of silver acetate and the activation energy.
4.4.2.1 Order of silver acetate, rate constant and activation energy of reaction
First, the order of silver acetate in the reaction for reduction of silver from Gaitan’s ink
was carried out by measuring the change in concentration over time. Silver acetate with
initial concentrations of 0.1 M, 0.3 M, and 0.5 M were used to run the reaction for 75, 150,
225 and 300 mins respectively by keeping the concentrations of ethylamine and formic acid
the same (15.52 M and 2.34 M base concentrations respectively) as shown in Figure 4.9 a.
All experiments were done at a temperature of 80 ˚C. The initial concentrations of silver
acetate in Gaitan’s ink was lower than the initial concentrations of silver acetate in Walker’s
system because, at higher metal loadings, the silver in Gaitan’s ink would start reducing
instantaneously and would be unstable. This would make the ink unusable as the ink cannot
be stored for extended periods of time and used when desired like Walker’s ink. Next, a
double-log plot is obtained for initial concentrations vs. initial rates as shown in Figure 4.9
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b. From the Vant Hoff’s equation, we know that slope of the line from the double-log plot
gives us the order of silver acetate in the reaction which was estimated to be 1.06 and the
y-intercept gives us the rate constant of 2.89× 10−3.
Again, in order to extrapolate the activation energy of the reaction occurring in Gaitan’s
system, the rate constant was estimated at a lower temperature (60 ˚C). Plot for time vs.
concentration along with the fit is shown in Figure 4.9 c. The double log plot is shown in
Figure 4.9 d. The double log of initial concentration vs. initial rate is plotted for only one
initial concentration at 60 ˚C. Similar to Walker’s system, since the order of the reaction
is not dependent on temperature, a straight line is drawn using the order of the reactant
(silver acetate) as the slope of the line equation. The y-intercept gives the rate constant at
60 ˚C. We see that the rate constant is 3.35 × 10−4 which is lesser than the rate constant
at higher temperature. of 80 ˚C as expected.
The order of silver acetate in Gaitan’s ink is approximately half the order of silver acetate
with respect to Walker’s ink. This implies in Gaitan’s ink, the rate of the reaction will
double if the silver concentration is roughly doubled and for Walker’s system, the rate is
approximately quadrupled when silver concentration is doubled.
Now that we have two rate constants obtained for reactions occurring at two different
temperatures, , a plot for 1
T
vs. ln(k) is plotted as shown in Figure 4.10. The activation
energy of the reaction is extrapolated from the slope.The slope of the straight gives −Ea
R
from
Equation 4.14. Again, the y-intercept gives the pre-exponential factor (A). The activation
energy of Gaitan’s ink was estimated to be 104.19 kJ/mol. The activation energy for Gaitan’s
system is higher than the activation energy of Walker’s system. This implies that even with
a closed system which limits evaporation, Walker’s reaction requires lesser energy to proceed
forward.
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Figure 4.9: Plots for a) Time [min] vs. Concentration [M] for initial silver acetate concen-
trations of 0.1 M, 0.3 M, 0.5 M over 300 minutes at 80 ˚C, b) Double-log plot for initial
concentration vs. initial rate for silver acetate at 80˚C , c) Time [min] vs. Concentration [M]
for initial silver acetate concentration of 0.5 M over 300 minutes at 60 ˚C, and d) Double-log
plot for initial concentration vs. initial rate for silver acetate at 60 ˚C.
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] against ln(k). The activation energy of the reaction is extrapo-
lated from the slope.
4.4.3 Orders of complexing agents - Walker’s and Gaitan’s systems
4.4.3.1 Titration tests to determine instantaneous reaction points
Before estimating the orders of complexing agents for Walker’s and Gaitan’s ink systems,
it is important to understand the concentration limitations of the solutions and also effect
of complexing agent concentration on the reaction rate. In order to capture this, titration
tests were done using both ink systems. Silver acetate and the complexing agent were first
pre-mixed in a separate beaker following which droplets of formic acid were titrated drop-
wise into this mixture while being stirred. The concentrations of silver acetate used for both
ink systems were kept the same as the concentrations from the reduction experiments. For
every concentration of silver acetate used, multiple concentrations of the complexing agent
were used to pre-mix before titration. The concentrations of the complexing agent were
manipulated by diluting it with water.
Figure 4.11 a, plots silver acetate concentration vs. ammonium hydroxide concentration.
The greyed out points are the concentrations of ammonium hydroxide at which immediate
formation of silver doesn’t occur even after addition of the formic acid dropwise. Interest-
ingly, for higher concentrations of silver acetate, the pre-mixed solution starts to form silver
immediately at higher concentrations of ammonium hydroxide. This means that as the metal
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loading in the ink increases, the complexing agent can be diluted to a lesser extent before
the silver forms immediately with addition of formic acid. This could be because, when
more silver acetate is present in the ink initially, more amount of the complexing agent is
required in order to form the silver-diamine complex and protect the silver. As we dilute the
complexing agent, there is not enough of the ammonia in the ink to complex with all the
silver, leaving most of the silver acetate unprotected and vulnerable to immediate reduction
by the formic acid added.
Similarly, Figure 4.11 b plots silver acetate concentration vs. ethylamine concentration.
A similar trend is observed even in this case with similar implications.
4.4.3.2 Walker’s ink- Order of ammonium hydroxide
Next, the order of ammonium hydroxide reactant with respect to the reaction was es-
timated by keeping the concentrations of silver acetate and formic acid constant (2 M and
1.91 M respectively), the initial concentration of ammonium hydroxide was varied as 11.74
M, 14.68 M and 17.76 M. These experiments were also conducted at 80˚C. Ammonium
hydroxide purchased from Sigma Aldrich was 28-30 wt% of ammonia in water which gives
17.76 M of ammonium hydroxide. As mentioned earlier, the more dilute concentrations were
obtained by mixing the as-purchased ammonium hydroxide solution with water as required.
Concentrations lower than 11.74 M were not chosen because at these lower dilutions, when
formic acid was added to the silver acetate/ ammonium hydroxide mixture as part of the ink
preparation procedure, the silver would reduce immediately and precipitate out as shown in
the previous section from Figure 4.11. This is likely because there is not enough ammonia in
the ink to complex/ protect all the silver. The formic acid attacks all the unprotected silver
as soon as it is added to the silver acetate/ammonium hydroxide mixture. Similar to the
Vant Hoff’s experiments to estimate the order for silver acetate, the reactions with varying
initial ammonium hydroxide concentrations were run for 75, 150, 225 and 300 mins. The plot
for time vs. concentration is shown in Figure 4.12 a. The initial rates are given by the slope
of tangents of the curve fits at time = 0. Interestingly, the rate of the reaction decreases for
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Figure 4.11: Plot for a) silver acetate concentration vs. ammonium hydroxide concentra-
tion for which the formic acid is added dropwise, and b) silver acetate concentration vs.
ethylamine concentration for which the formic acid is added drop-wise.
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decreasing concentrations of ammonium hydroxide and jumps rapidly when decreased below
11.74 M with the reaction becoming spontaneous. Therefore, there exists a discontinuity in
reaction rates when the ammonia concentration drops below a certain point leading to an
instantaneous reaction. Next, a double log plot for initial concentration vs. initial rate is
then plotted as shown in Figure 4.12 b. The slope of the straight line gives the order of
ammonium hydroxide with respect to the reaction. The order of ammonium hydroxide with
respect to the reaction was found to be 1.56.
Figure 4.12: Plot for a) time [min] vs. concentration [M] for initial ammonium hydroxide
concentrations of 11.74 M, 14.68 M and 17.76 M over 300 minutes, and b) Double-log plot
for initial concentration vs. initial rate for ammonium hydroxide at 80 ˚C.
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4.4.3.3 Gaitan’s ink- Order of ethylamine
Next, the order of ethylamine reactant with respect to the reaction was estimated by
keeping the concentrations of silver acetate and formic acid constant (0.5 M and 2.34 M
respectively), the initial concentration of ethylamine was varied as 7.76 M, 11.64 M and
15.52 M. These experiments were also conducted at 80˚C. Ethylamine purchased from Sigma
Aldrich was 66-72 wt% of ethylamine in water which gives 15.52 M of ethylamine. Again,
the more dilute concentrations were obtained by mixing the base ethylamine solution with
water as required. Concentrations lower than 7.76 M were not chosen for the same reason
that silver reduces spontaneously at these lower concentrations due to unprotected silver in
the solution. Again, the reactions with varying initial ethylamine concentrations were run
for 75, 150, 225 and 300 mins. The plot for time vs. concentration is shown in Figure 4.13 a.
The initial rates are given by the slope of tangents of the curve fits at time = 0. Similar to
Walker’s ink, the rate of the reaction decreases for decreasing concentrations of ethylamine
and jumps rapidly when decreased below 7.76 M with the reaction becoming spontaneous. A
double log plot for initial concentration vs. initial rate is then plotted as shown in Figure 4.13
b. The slope of the straight line gives the order of ethylamine with respect to the reaction.
The order of ethylamine with respect to the reaction was found to be 1.77. This implies
that the reaction rate of Gaitan’s system is slightly more sensitive to the concentration of
ethylamine than Walker’s system is to the concentration of ammonium hydroxide.
As mentioned earlier, we have seen that the reaction rate for both Walker’s and Gaitan’s
ink systems, decreases with decreasing complexing agent concentration until a certain point
and below that, silver forms instantly implying a very high reaction rate. This discontinuity
will be used to map out and separate instantaneous growth rate maps from normal reaction
rates within droplets as will be discussed in the upcoming sections.
A summary of the kinetics results is shown in Table 4.2. The order of silver acetate
is nearly twice that of Gaitan’s ink. As mentioned earlier, this means that if the initial
concentration of silver acetate in doubles, the rate will quadruple in Walker’s system and
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Figure 4.13: Plot for a) time [min] vs. concentration [M] for initial ethylamine concentra-
tions of 7.76 M, 11.64 M and 15.52 M over 300 minutes, and b) Double-log plot for initial
concentration vs. initial rate for ethylamine at 80 ˚C.
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double in Gaitan’s sytem. This implies that overall, the reaction rate is more sensitive to the
silver acetate concentration for Walker’s system. This means that as the silver concentration
in the ink reduces, the reaction rate drops that much faster compared to Gaitan’s system.
This could explain why, although Walker’s system is governed by extremely fast evaporating
ammonia, the activation energy is still comparable to Gaitan’s system.
The orders of the complexing agents are similar for both the inks with Walker’s having
order of ammonia of 1.56 and Gaitans, having an order of ethylamine of 1.77.
The rate constants for both the ink systems are shown at both the temperatures. Overall,
the rate constants for Walker’s system are lower than Gaitan’s system. More interestingly,
the change in rate constants for Gaitan’s ink is higher across both temperatures compared
to Walker’s ink. This implies that the slope of the activation energy curve for Gaitan’s ink
is higher. This can be seen from the activation energy values for Gaitan’s ink (104.19 [ kJ
mol
])
which is higher than the activation energy of Walker’s system (86.23 [ kJ
mol
]).
The y-intercept from the activation energy curves give the pre-exponential factors. In-
terestingly, the pre-exponential factor of Gaitans’ ink is higher than Walker’s ink by three
orders of magnitude. This could imply that even though the activation energy of Gaitan’s
system is higher, it could have similar or slightly higher reaction rates than Walker’s system.
Table 4.2: Summary of reaction kinetics results for Walker’s and Gaitan’s ink systems.









Solvent 60 ˚C 80 ˚C
Walker’s 1.99 1.56 1.01× 10−4 5.9× 10−4 86.23 3.399× 109
Gaitan’s 1.06 1.77 3.35× 10−4 2.83× 10−3 104.19 7.433×1012
The reduction kinetics for both the Walker’s and Gaitan’s system have thus been esti-




COMSOL MULTIPHYSICS SIMULATION OF EVOLUTION OF A REACTIVE INK
DROPLET
In this chapter, I will discuss the second step taken to gain insight into the effect of
processing parameters on reactive ink print morphologies. A COMSOL multiphysics model
was created to map out the temperature, velocity and concentration profiles inside a reactive
ink droplet with a goal to overlay it with the reaction kinetics in order to get a growth rate
map across the droplet domain to ultimately be able to predict the morphologies of reactive
ink systems for any given set of processing parameters. This model is a more simplistic
approach to the evaluation of temperature, velocity and concentration profiles inside the
reactive ink droplet and the actual nucleation and growth of particles were not modeled.
First, I will give an introduction to droplet evaporation and description of the model, followed
by governing equations, boundary conditions and results.
5.1 Droplet evaporation
Evaporation is a type of vaporization that occurs at the surface of a liquid across the
liquid/vapor interface. When the molecules in the liquid collide, there is an transfer energy
associated with each collision. After undergoing repeated collisions, some molecules near
the surface absorb enough energy to overcome the vapor pressure and escape to enter the
surrounding air as a gas. This is the principle behind evaporation. During evaporation, the
high energy molecules on the free surface escape to the atmosphere reducing the average
kinetic energy of the remaining molecules which results in a temperature drop of the bulk
liquid.. The average number of molecules leaving the free surface reduces with the time as
the difference in the pressure of the saturated layer and ambient air decreases. On average,
only a fraction of the molecules in a liquid have enough heat energy to escape from the
liquid. This number increases depending on the temperature of the droplet. Therefore, for
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our case where the droplet is on a heated substrate, more molecules have energy to escape
the surface and thus the rate of evaporation is faster. The evaporation will continue until
an equilibrium is reached when the evaporation of the liquid is equal to its condensation. In
an enclosed environment, a liquid will evaporate until the surrounding air is saturated. The
evaporation rate can be expressed as:
Eα(Psat(T )− Pair) (5.1)
Where, E is the evaporation rate, Psat andPair are saturation vapor pressures at the
interface and in the air domain respectively. Assuming the water vapor to exhibit ideal gas
behaviour, we can express the vapor pressure in terms of the concentration by using the ideal
gas equation:








In Equation 5.3, m
V
= c. Where c is the concentration expressed in mol
m3
.
Therefore, since the saturation pressure and concentration are proportional, we can say
that the evaporation rate is proportional to the concentration gradient. This means that
evaporation is a purely diffusive process driven only by the difference in concentration gra-
dients at the liquid-vapor interface and the concentration of the surrounding ambient air
assuming we neglect the effects caused due to external or forced convection of air in our
system. During evaporation,
1. There will be a phase change at the liquid/vapor interface
2. The saturated vapor at the interface will diffuse into the surrounding air
3. As the mass loss occurs through the interface, it will evolve continuously causing shrink-
age of the droplet
4. Stresses will be induced at the interface causing an internal convection inside the fluid
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If the substrate is not heated as in our case, additionally, the mass loss at the interface
will take away the latent heat of vaporization eventually decreasing the temperature of the
substrate. Also, in our system, since we are only interested in the initial stages of droplet
evolution before the evaporative effects start to dominate, we ignore the moving interface
due to mass loss condition.
5.2 Model description
Recapping what was mentioned earlier, the reactive silver inks, consist primarily of a
metal salt (silver acetate), a complexing agent (ammonium hydroxide/ ethylamine depending
on the ink system) and a reducing agent (formic acid). Since the ink consists mainly of
the complexing agent, this was used as the fluid material in the droplet domain. A 2D
axisymmetric model of a water droplet containing ammonia/ ethylamine as the species was
modeled. The 2D axisymmetric method of modeling was chosen to save computational
time. The model contains three domains: droplet, air and substrate, however, only the
droplet and air domains are of interest. Separate physics was implemented for the air and
droplet domains in order to garner more computational flexibility. The ’heat transfer’ module
was implemented in the droplet and air domains to compute the temperature profiles, the
’laminar flow’ module was used in both the domains to compute the velocity profiles and the
’transport of dilute species’ module was used in both domains to compute the concentration
profiles as shown below in Figure 5.1.
5.3 Governing equations
Some of the assumptions for the model and the resulting governing equations that are








+∇ · (ρu) = 0 (5.4)
However, the fluid is assumed to be incompressible so Equation 5.4 simplifies to
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Figure 5.1: Model description showing the different physics implemented to compute the
temperature, velocity and concentration profiles in the droplet and air domains.
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∇ · u = 0 (5.5)
Equation 5.5 is the continuity equation which are equations for conservation of mass in the
system.
The momentum equations, also known as the incompressible Navier-Stokes equations as








The boussinesq term shown in Equation 5.6is used to compute buoyancy forces in the air
domain due to the presence of a temperature gradient. The boussinesq approximation is
a way to solve non-isothermal flow problems without having to solve for the full compress-
ible formulation of the Navier-Stokes equattions. This approximation is only applicable in
systems where density variations are very small (such as incompressible flow problems) and
have no effect on the flow field as this reduces the non-linearity of the problem. It basically
states that density variations are only important in the buoyancy term and can be neglected
elsewhere.
The energy equations or the conduction-convection equations shown in Equation 5.7 are
used to solve for the temperature fields. The convection term helps couple the temperature




+ ρ0cpu · ∇T
︸ ︷︷ ︸
Convection term




Finally, the Fickian diffusion with a convection term as shown in. Again, the convection




+ u · ∇c
︸ ︷︷ ︸
Convection term
= ∇ · (D∇c) (5.8)
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5.3.1 Verification indicators
Additionally, the conduction time scale and velocity magnitude scales that are computed
from the multiphysics simulation are used as conduction and flow indicators as means of





In Equation 5.9, tconduction is the conduction time scale [s], L is the droplet length scale [m],









here, Uestimated is the approximate estimation of velocity magnitude in the computational
domain [m
s
], γT is the temperature dependance of surface tension of fluid [
N
m·K
], △T is the
maximum temperature difference in the domain of interest [K], ρ is the density of the fluid
[ kg
m3
], and L is the length scale of interest [m]. This will be discussed in more detail in the
results section.
5.4 Boundary conditions
The boundary conditions across the droplet and the air domains are listed in Table 5.1.
These are implemented on the axisymmetric model with two domains of interest across
five boundaries of interest: top wall, right wall, substrate/air interface, substrate/ liquid
interface, and liquid/air interface.
The boundary conditions implemented across the droplet and air domains can be visual-
ized from Figure 5.2. In addition to the boundary conditions mentioned in Table 5.1, some
other parameters used in the model are:
• Volume force is added in the ’laminar flow in air domain’ physics in order to compute
the buoyancy force in the air domain
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Table 5.1: An example system where reactants A and B react to form some products. Let
us consider 1, 2 and 3 moles of reactants A and B which gives different reactant rates.
Droplet Air
Location ht spf tds ht spf tds
Top wall - - - Tamb Outlet c = 0
Right
wall
- - - Open
boundary
(Tamb)
Outlet c = 0
Substrate/
air



















Wall - slip csatAH(T)/
csatEA(T)
• The diffusion constants of ammonia and ethylamine [132, 133] in the droplet and air
domains are inputted in transport properties under the corresponding ’transport of
diluted species’ modules. These are specified as global parameters defined asDAHw and
DAHa for ammonia in water and air respectively and DEAw and DEAw for Ethylamine
in water and air respectively. Additionally, the initial concentrations of ammonia and
ethylamine in Walker’s and Gaitan’s systems respectively were calculated to be 11.906
and 10. 494. These values were calculated and specified under global parameters as
’c A droplet’ and ’c EA droplet’ respectively.
The saturation pressure and concentration at the liquid-air interface is given by the
Antoine equation:








Here, psat(T ) is the temperature dependent saturation vapor pressure [Pa], csat(T ) is the
temperature dependent saturation concentration [mol
m3
], H is the relative humidity, R is the
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universal gas constant J
mol·K
, A,B,C are fluid dependent Antoine constants.
The Antoine constants for ammonium hydroxide and ethylamine are listed below in Ta-
ble 5.2. For ammonium hydroxide, the values of Antoine constants were not readily available
from literature and had to be extrapolated [134] from clausius-clapeyron and Raoult’s law’s.
Table 5.2: An example system where reactants A and B react to form some products. Let






A [Pa] B[-] C [˚C] C [K]
Ammonium
hydroxide
6.457 8.5819 805.05 228.117 -44.883
Ethylamine 7.3862 9.511 1137.3 235.86 -37.14
The value of psat can be obtained either in Pa or in mmHg. In order to get the value of
psat in mmHg, the value of A from the first column should be used along with the value of
C in [˚C]. To get the psat value in Pa, 2.1249 should be added to the A value from column
1 and 273 should be subtracted from the C value to convert it to K scale.
5.4.1 Multiphysics couplings
Each of the physics across the domains is coupled through the in-built multiphysics node
in COMSOL. The multiphysics couplings of relevance in this model are:
• Marangoni effect - Marangoni flow is a crucial flow phenomena in liquids that have
temperature gradients. It is a surface tension driven flow where within a droplet,
due to temperature gradients, there exist temperature gradients. Due to this, regions
with higher surface tension in the droplet pull fluid packets from lower surface tension
regions. In the case of our droplet, since temperature at the solid/liquid/vapor interface
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Figure 5.2: Image showing boundary conditions for heat transfer, laminar flow and transport
of diluted species physics across the droplet and air domains.
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is the highest, we expect the surface tension here is the lowest. So we expect the fluid
to be pulled away from the contact line top the interior of the droplet. Due to this, the
Marangoni effect plays an important role in suppression of coffee ring effect. Therefore,
the velocities within the droplet increase with increasing temperature.
Therefore, a properly designed ink can suppress the coffee-ring effect by increasing
the strength of the Marangoni effect that flows opposite of the coffee-ring flow [29,43,
135–137]. In these systems, the solvent vapor pressure, viscosity, and the substrate
temperature are balanced to induce mass transport due to a surface tension gradient.
This was explained clearly by Hu et al. They showed that in octane droplets [29],
evaporative cooling reduces the droplet surface tension non-uniformly, with the surface
tension highest at the top-center of the droplet where the local temperature is the
lowest due to the longer thermal conduction path as shown in Figure 5.3. This effect
produces inward flow that pulls fluid and particles from the top liquid/vapor interface
downward where they can agglomerate on the substrate near the center of the droplet
or be pulled to the edge and re-circulate. The strength of this phenomenon can be
estimated by the Marangoni number as shown in 5.4.1:




Where, β is the surface tension-temperature coefficient, Te is the temperature at the edge
of the droplet, Tc is the temperature at the center of the droplet, µ is the viscosity of the fluid
, and Rc is the contact line radius. Fluids with low Marangoni number, high evaporation
rate at the edge, and high particle adhesion will form a coffee ring after drying, while fluids
with a high Marangoni number, low evaporation at the edge, and low particle adhesion will
produce depositions in the center rather than at the edge of the droplet thus negating the
coffee-ring effect. Note that here, solutal Marangoni was not considered since this effect is
only persent when the system contains two immiscible or partially miscible liquid phases
containing a surface-active solute.
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Figure 5.3: Schematics by Deegan et al. showing mechanisms behind the coffee-ring effect.
Higher evaporation rates at the edge of the droplet pull fluid and particles toward the contact
line.
The fluid flow and the heat transfer are inputed from the ’spf’ and ’ht’ in the droplet
domain. Next, the temperature dependance of surface tension for both the fluids (ammonia
and ethylamine) has to be applied to the droplet at the liquid/ vapor interface in order to
compute the Marangoni effect. Two techniques were implemented to measure the surface
tension dependence of a fluid on temperature: Capillary rise method and Eotvos-Ramsay-
Shield model. The temperature dependence of surface tension was required in order to
accurately predict the Marangoni flows in the COMSOL Multiphysics model.
5.4.1.1 Capillary rise method
A capillary tube of diameter 0.68 mm was used to measure the capillary rise of the
liquid column in a fluid bath. This surface tension measurement was repeated at different
temperatures of the fluid and a plot for temperature vs. surface tension gave the surface
tension dependence of the fluid with temperature. The equation for surface tension using
capillary rise method is given by:
γT =
r · h · ρ · g
2 · cosθ
(5.14)
Here, ‘γT ’ is the surface tension in
N
m
, ‘h’ is the height of the rise of the fluid in the
capillary tube [m], ‘ρ‘ is the density of the fluid kg
m3
, ‘g’ is the acceleration due to gravity m
s2
,
and ‘θ’ is the angle between the liquid meniscus and the capillary tube [˚].
Figure 5.4 shows the temperature dependance of surface tension of ammonium hydroxide
obtained through this method. The fitted line equation gives the temperature dependence
of surface tension for ammonium hydroxide:
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γT = 0.1067− 1.423× 10
−4 · T
Figure 5.4: Plot for temperature vs. surface tension for ammonium hydroxide at 298, 315,
330 and 345 K obtained through capillary-rise method.
5.4.1.2 Eotvos-Ramsay-Shield model
The Eotvos model allows prediction of temperature dependence of surface tension of any
fluid as long as the density, molar mass and critical temperature of the fluid are known. The
rule is given as follows:
γ · V
2
3 = k · (Tc − 6K − T ) (5.15)
Here, ‘γ‘ is the surface tension in N
m






molecular weight [ g
mol
] and ρis the density of the fluid [ kg
m3
]), ‘k’ is the Eotvos constant and




], and ‘Tc’ is the critical temperature of the fluid of
interest [K].
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The Eotvos rule was used for ethylamine but not for ammonium hydroxide as it does
not predict the temperature dependence of this particular fluid accurately. For ammonium
hydroxide, the capillary rise method had been used.
The parameters for Eovos equation for ethylamine are listed in Table 5.3.
Table 5.3: An example system where reactants A and B react to form some products. Let
us consider 1, 2 and 3 moles of reactants A and B which gives different reactant rates.
Ethylamine - Eotvos parameters
Tc [K] Mw [
g
mol
] ρ [ kg
m3




456.2 45.08 689 65.428× 10−6
Plugging in the Eotvos parameters for ethylamine shown in Table 5.3 into Equation 5.15,
gives the surface temperature dependance on temperature for ethylamine:
γ = 0.0582− 1.293× 10−4 · T
The surface tension coeffiicients have thus been established for both the ink systems.
This is explained in more detain in Apendix A.5.3 and A.5.4.
• The non-isothermal flow solves for fluid flow within the droplet domain due to the
temperature gradients in this domain by coupling the fluid flow and the heat transfer
that are inputed from the ’spf’ and ’ht’ in the droplet domain.
• The reacting flow solves for the mass transport in the droplet and air domains due to
fluid flow within this domain. This is done using the convection term shown in 5.3.
The fluid flow and the heat transfer are inputed from the ’spf’ and ’ht’ in the droplet
and air domains.
5.5 Simulation
In this section, I will first talk about the solver settings needed to solve this problem,
then I will discuss the mesh selection and the refinement study done to identify the needed
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mesh size. Following this I will talk about my simulation results which will first detail results
at a specific time of interest for both systems, following which the time-dependent results
will be shown.
5.5.1 Solver settings
Since there are multiple physics involved along with their corresponding multiphysics
couplings, it is really hard to scale all the variables associated and get a good initial guess
for the time-dependant solver to converge effectively. For this reason, first a stationary solver
was implemented under ’study 1’ to get the steady state solution. Note that this solver is
only necessary to get a good initial guess for the actual computation and might not converge
always given the flux boundary conditions in ’tds’ modules. Next a time-dependent study
for 200 ms is done under ’study 2’.
Note that the simulation is only run for 200 ms because, although the overall droplet
evolution time scale for the these reactive ink systems is ≈1000 ms, we only care about the
initial stages of particle growth/ nucleation before the evaporative effects start to occur, so
as to be able to map out local growth/ reaction rates based on these initial conditions within
the droplets. In the future, using the chemical reaction engineering module, the overall time
scales will be considered when modeling the actual particle/ growth and nucleation within
the droplet.
Under solver configurations −→ time dependent solver −→ general, the tolerance was
set to 0.5 % which is a generally acceptable deviation for the system we are working with.
A 2nd order Backward Differentiation Formula (BDF) method of time stepping was used.
This can be set under solver configurations −→ time dependent solver −→ time stepping.
Lastly, in order for the solution to converge effectively, we let COMSOL pick the time steps
automatically. This was implemented first under solver configurations −→ time dependent
solver −→ results while solving −→ update at −→ time steps taken by solver and then under
solver configurations−→ time dependent solver−→ output−→ times to store−→steps taken
by solver.
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A parametric sweep of substrate temperature (313 K, 323 K, 333 K, 343 K and 353 K)
and contact angle (45˚ and 75˚) was done for all combinations. Initially the substrate
temperature sweep with the contact angle of 75˚ will be discussed since these conditions
match the print conditions and can be compared to printed morphologies easily.
5.5.2 Mesh selection
A custom mesh was built across the droplet, air and substrate domains with a goal to
maximize accuracy where needed while minimizing computational time. A tetrahedral mesh
was assigned to the droplet domain while quadrilateral meshes were adopted for the air and
substrate domains. This is because tetrahedral meshes give more accurate solutions while
being more computationally taxing. This is because for the same element size, there are
more number of elements in a tetrahedral mesh as opposed to a quadrilateral mesh. Next
boundary layers were added across all interfaces with number of boundary layers assigned
as 10. The built mesh is shown below in Figure 5.5.
For the mesh refinement study, the number of elements was used as the control variable.
The maximum element size was then calculated as:
max. element size = boundary layer thickness/number of elements.
This was the parameter that was input as the maximum element size for both the droplet
and air domains. The mesh refinement study was done by comparing the average of the
temperature, velocity and concentration values in each domain for all element sizes to the
finest/smallest element size. The element size where the error dropped to within 1 % for all
variables of the finest element size was then chosen as the maximum element size. Separate
studies were done for both the droplet and air domains.
The results of the mesh refinement study are shown in Figure 5.6 a and b. This shows
that ion the droplet domain, a maximum of 16 elements are required per boundary layer for
the error to fall below 1 % and in the air domain, a maximum of 5 elements are required per
boundary layer for the same.
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Figure 5.5: Mesh across the droplet and air domains.
109




As mentioned earlier, the results showing the temperature, velocity, and concentration
profiles for substrate temperatures of 313, 323, 333, 343, and 353 K at 75˚ contact angle
are obtained for both Walker’s and Gaitan’s systems to match the conditions for the printed
droplets. Then the reaction rates and how they are mapped onto the droplet domain domain
will be explained and shown.
5.5.3.1 Walker’s ink system
Since the concentration of ammonia in the droplet is being depleted continuously, after
a certain time period, the concentration in the droplet will drop below zero. In order to
avoid this, a stop condition had been implemented in the time dependent solver which stops
the solver from computing if the concentration of ammonia in the droplet drops below zero.
This occurs when the substrate temperature is 353 K at 145 ms. As expected, for the lower
substrate temperatures, the solver runs for longer since the concentration of ammonia in the
droplet doesn’t deplete as fast. Therefore, all the temperature and concentration profiles
for each substrate temperature is shown at time = 145 ms for the sake of comparison.
From Figure 4.11, it is known that for Walker’s ink with a silver concentration of 0.5 M,
precipitation occurs when the concentration of ammonia in the solution is below 5.87 M.
Hence, at each substrate temperature, the concentration profiles are plotted at the times at
which the concentration of ammonia in the droplet reaches the precipitation concentration.
This precipitation condition will be used later to calculate the instantaneous reaction rate
that will be discussed in more detail in the upcoming sections. These times at which for
each substrate temperature, the concentration reaches 5.87 M is noted and the total reaction
rates in the droplet will also be plotted at these times.
In Figure 5.7, the temperature profiles of the droplet across all substrate temperatures
are shown. The temperature drop across the droplet increases with increasing substrate
temperature as seen from the min/max values on the temperature scale. This is likely
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because at lower temperatures, the effect of non-isothermal flow in the droplet is minimal
owing to a conduction dominated heat transfer phenomenon. At higher temperatures, due to
the presence of greater Marangoni and non-isothermal effects, there is more fluid transport,
mixing and thus convective effects come into play owing to the larger temperature drop.
From the velocity profiles shown in Figure 5.8, it can be seen that as the substrate
temperature increases, the surface tension gradient in the droplet also increases owing to the
increase in Marangoni flow phenomenon. At the highest substrate temperature of 353 K,
the maximum velocity within the droplet reaches 0.43 m
s
.This implies that the Marangoni
number is very high owing to this rapid swirling within the droplet. In the air domain, since
the velocity of the fluid is purely due to buoyant effects, the velocities are three orders of
magnitude smaller than in the droplet at all times.
As mentioned earlier, since ammonia is evaporating from the droplet into the air do-
main, the concentration of ammonia within the droplet is constantly depleting. This can
be visualized clearly from Figure 5.9 which plots the concentration profiles at all substrate
temperatures after 145 ms. More insight can be gained by looking at the scale bars from
this above which shows that the overall concentrations drop with increasing substrate tem-
perature. At a substrate temperature of 313 K, the maximum concentration within the
droplet is 6.75 M and the maximum concentration drops to 1.28 M at the highest substrate
temperature of 353 K after 145 ms in this study.
While Figure 5.9 might be useful for visualization purposes to show that ammonia in the
droplet depletes faster with increasing substrate temperature, a more useful representation
would be to plot the time scales at each substrate temperature at which the concentration
profiles reach precipitation concentration. This is shown in Table 5.4. The overall time
for the concentration inside the droplet to reach precipitation concentration decreases with
increasing substrate temperature as expected.
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Figure 5.7: Temperature profiles after 145 ms for a droplet of Walker’s ink at a contact angle
of 75 ˚ on substrate with temperature a) 313 K, b) 323 K, c) 333 K, d) 343 K, and e) 353
K.
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Figure 5.8: Velocity profiles after 145 ms for a droplet of Walker’s ink at a contact angle of
75 ˚ on substrate with temperature a) 313 K, b) 323 K, c) 333 K, d) 343 K, and e) 353 K.
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Figure 5.9: Concentration profiles after 145 ms for a droplet of Walker’s ink at a contact
angle of 75 ˚ on substrate with temperature a) 313 K, b) 323 K, c) 333 K, d) 343 K, and e)
353 K.
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Next, the concentration profiles of the droplets at these times are of interest and shown
in Figure 5.10 since, at these times, we expect silver to start precipitating in the droplets,
locally, where the concentrations drop below the precipitation concentrations. As shown
above, for a substrate temperature of 313 K, the droplet reaches precipitation concentration
after 168 ms, for 323 K, the time is 138.8, for 333 K, 343 K and 353 K, the times required
to reach precipitation concentration are 115 ms, 96.2 ms and 81 ms respectively. This shows
us that, at higher substrate temperatures, the ammonia in the droplet evaporates faster
reaching the precipitation concentration where the reaction is instantaneous. Interestingly,
the concentration profiles follow the velocity vectors which implies that the convection term
of the Fickian diffusion equation had been coupled and implemented in the reacting flow
multiphysics successfully. Moreover, at higher temperatures, the concentration difference
between the center and edges of the droplet increases, owing to the faster evaporation rate
associated with higher temperatures pulling more species away from the droplet.
Next, the total reaction rates are plotted for the times at which the concentration reaches
the precipitation concentration. It is defined as:
Total reaction rate = Reaction rate− thermal +Reaction rate− precipitation
The thermal reaction rate is plotted based on Equation 4.3 which gives the reaction rate
across all concentrations. The precipitation/ instantaneous reaction rate is used for droplet
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Figure 5.10: Times at which the concentration profiles within a droplet of Walker’s ink at
a contact angle of 75 ˚ on substrate reach precipitation concentration for temperatures, a)
313 K, b) 323 K, c) 333 K, d) 343 K , and e) 353 K.
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regions where concentration is locally lesser than 5.87 M. A large/instantaneous reaction
rate of 6.65 M/s is used. This had been calculated based on time scales for precipitation
from the titration tests to get an approximation. For regions where concentrations are
locally above the precipitation concentration, the rate is set to 0 M/s for the precipitation
reaction rate. This implies that the total reaction rate plots the thermal reaction rate when
concentration in the droplet are locally greater than the precipitation concentration and
the reaction becomes instantaneous at concentration of ammonia locally greater than the
precipitation concentration. The plots for reaction rates are shown in Figure 5.11. Looking
at the scale of the reactions, the maximum reaction rate is always equal to the instantaneous
reaction rate. This is indicated by the blue regions in the droplet. In the red regions,
the local concentrations still have not dropped below the precipitation concentration, so a
thermal reaction rate is used. This can be seen from the lower end of the reaction rate scales
on the plots. As expected, the reaction rates increase significantly by upto four orders of
magnitude with increasing temperature.
From the plots below shown in Figure 5.11, we can see that at higher temperatures,
there are larger regions of the droplet that are below precipitation concentration and haven’t
undergone an instantaneous reaction yet as indicated by the regions in red. So the reaction
rates in these regions are slower where there is more fluid flow.
A table summarizing the minimum reaction rates within the droplets when the concentra-
tion reaches precipitation concentration is shown below in Table 5.5. The maximum reaction
rate in the droplet at these times, since the droplet has attained precipitation concentration
is the instantaneous reaction rate of 6.65 [M
s
]. As expected, the reaction rate within the
droplet increases with increasing substrate temperature. The reaction rate at the highest
temperature is about 25 times lesser than the reaction rate at the lowest temperature for
Walker’s ink.
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Figure 5.11: Reaction rates for times at which the Walker’s ink droplet reaches the precip-
itation concentration range for substrate temperatures of a) 313 K, b) 323 K, c) 333 K, d)
343 K, and e) 353 K.
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Table 5.5: Table showing minimum reaction rate vs. substrate temperatures in the droplets.
Substrate
temperature [K]
Minimum reaction rate in






5.5.3.2 Gaitan’s ink system
Next, similar results will be shown for Gaitan’s ink system to get a better comparison
between both the ink systems. Similar to the previous computation, a stop condition had
been implemented for Gaitan’s system since after a point, all the ethylamine in the ink would
have depleted. This occurs when the substrate temperature is 353 K at 250 ms. Therefore,
ethylamine from gaitan’s droplet takes about 169 ms more to evaporate completely compared
to the ammonia from Walker’s ink at the same substrate temperature. This is expected con-
sidering the much higher vapor pressure of ammonium hydroxide (≈2200 mmHg) compared
to the ethylamine (≈871). Like before, for the lower substrate temperatures, the solver
runs for longer since the concentration of ethylamine in the droplet doesn’t deplete as fast.
Therefore, all the temperature and concentration profiles for each substrate temperature is
shown at time = 330 ms for the sake of comparison. Again, looking back at Figure 4.11, for
Gaitan’s ink with a silver concentration of 0.5 M, precipitation occurs when the concentra-
tion of ethylamine in the solution is below 5.17 M. Hence, at each substrate temperature,
the concentration profiles are plotted at the times at which the concentration of ethylamine
in the droplet reaches the precipitation concentration.
In Figure 5.12, the temperature profiles of the droplet across all substrate tempera-
tures are shown. Similar to Walker’s system, the temperature drop across the droplet in-
creases with increasing substrate temperature due to the prominence of Marangoni and
non-isothermal effects at these temperatures.
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Figure 5.12: Temperature profiles after 330 ms for a droplet of Gaitan’s ink at a contact
angle of 75 ˚ on substrate with temperature a) 313 K, b) 323 K, c) 333 K, d) 343 K, and e)
353 K.
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Next, the velocity profiles are shown in Figure 5.13. All the velocity fields in the Gaitan’s
droplet are similar to Walker’s system. Interestingly, there is only a slight deviation in the
velocity magnitudes across both systems.
Like before the depletion of ethylamine is first shown from Figure 5.14 which plots the
concentration profiles at all substrate temperatures after 250 ms. Again, the scale bars show
that the overall concentrations drop with increasing substrate temperature. At a substrate
temperature of 313 K, the maximum concentration within the droplet is 7.7 M and the
maximum concentration drops to 2.87 M at the highest substrate temperature of 353 K
after 250 ms in this study.
Next, a more useful representation of concentration profiles is shown by plotting the times
at which the concentration inside the droplet reaches the precipitation concentration. This is
shown in Table 5.6. Again, the overall time for the concentration inside the droplet to reach
precipitation concentration decreases with increasing substrate temperature as expected.











Next, the concentration profiles of the droplets at these times ares shown in Figure 5.15.
As shown above, for a substrate temperature of 313 K, the droplet reaches precipitation
concentration after 451 ms, for 323 K, the time is 345.5, for 333 K ms, 343 K and 353
K, the times required to reach precipitation concentration are 267 ms, 209 ms and 166
ms respectively. The time taken for Gaitan’s system to reach precipitation concentration
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Figure 5.13: Velocity profiles after 330 ms for a droplet of Gaitan’s ink at a contact angle of
75 ˚ on substrate with temperature a) 313 K, b) 323 K, c) 333 K, d) 343 K, and e) 353 K.
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Figure 5.14: Concentration profiles after 330 ms for a droplet of Gaitan’s ink at a contact
angle of 75 ˚ on substrate with temperature a) 313 K, b) 323 K, c) 333 K, d) 343 K, and e)
353 K.
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is about 150-450 ms depending on the substrate temperature compared to Walker’s which
takes between 80-170 ms. This could be one of the primary driving factors for the differences
in morphologies between the two ink systems. This will be explored in more detail in the
next chapter.
Figure 5.16 plots and compares the time taken for the complexing agent to completely
leave the system versus time taken for the concentration in the droplet to hit precipitation
concentration. It is seen that overall, the time taken for the complexing agents to leave the
droplet decreases with increasing temperature as expected and the time taken for the droplet
to hot precipitation concentration is lower than the total evaporation time also as expected.
Finally, the total reaction rates in the Gaitan’s droplet are plotted as explained before.
the only difference is that for Gaitan’s system, the precipitation/ instantaneous reaction rate
is used when local concentrations in the droplet drop below 5.17. This is shown clearly in
Figure 5.17. For Gaitan’s system, as the substrate temperature increases, the overall reaction
rate increases by only two orders of magnitude compared to Walker’s four. Interestingly,
the magnitude of thermal reaction rates for Gaitan’s system are an order of magnitude
higher than Walker’s system even though Walker’s system has a lower activation energy.
A combination of more consistent and higher reaction rates in the Gaitan’s ink system
which mean that the within the droplet, the overall reaction difference is more lesser could
help explain the morphology differences between Walker’s and Gaitan’s systems as will be
explained in the next chapter.
Next, a table summarizing the minimum reaction rates within the droplets when the
concentration reaches precipitation concentration is shown below in Table 5.7. The maximum
reaction rate in the droplet at these times, since the droplet has attained precipitation
concentration is the instantaneous reaction rate of 6.65 [M
s
]. As expected, the reaction rate
within the droplet increases with increasing substrate temperature. The reaction rate at the
highest temperature is about 55 times lesser than the reaction rate at the lowest temperature
for Gaitan’s ink.
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Figure 5.15: Times at which the concentration profiles within a droplet of Gaitan’s ink at
a contact angle of 75 ˚ on substrate reach precipitation concentration for temperatures, a)
313 K, b) 323 K, c) 333 K, d) 343 K , and e) 353 K.
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Figure 5.16: Substrate temperature vs. time comparison for the the complexing agent to
completely evaporate from the water droplet to the time taken for the concentration within
the droplet to hit precipitation concentration for Walker’s and Gaitan’s inks.
Table 5.7: Table showing minimum reaction rate vs. substrate temperatures in the droplets.
Substrate
temperature [K]
Minimum reaction rate in







Figure 5.17: Reaction rates for times at which the Walker’s ink droplet reaches the precip-
itation concentration range for substrate temperatures of a) 313 K, b) 323 K, c) 333 K, d)
343 K, and e) 353 K.
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5.6 Walker’s vs. Gaitan’s system
A comprehensive plot comparing the total reaction rate for Walker’s and Gaitan’s ink
systems is shown in Figure 5.18. The total reaction rate profiles are shown for all substrate
temperatures for Walker’s and Gaitan’s inks along with a plot showing the minimum reaction
rates for both the ink systems. First, the ovrall time to reach precipitation concentration
for Walker’s system is lesser than Gaitan’s ink owing to the faster evaporation of ammonia
from the droplet compared to ethylamine in Gaitan’s ink. Next, looking at the reaction
rate profiles in Walker’s system, at higher temperatures, there is more fluid trapped in the
droplet as indicated by the blue region. Here (blue region) the reaction is still proceeding
and silver precipitation hasn’t started. Owing, to this large region where precipitation hasn’t
occurred yet, we can expect the films formed at high temperatures to be more porous due to
more fluid being trapped in the solid network that will try to escape out. At lower substrate
temperatures, the region of fluid trapped is lesser. This implies that as the concentration of
ammonia in the droplet approaches precipitation concentration, most of the regions within
the droplet undergo reduction/ precipitation simultaneously and there is lesser fluid trapped
in the film . Therefore, we could expect formation of denser films at lower temperatures.
In Gaitan’s system,. regardless of the substrate temperature, there is a smaller pocket of
fluid trapped inside the droplet when the concentration of ethylamine reaches precipitation
concentration. Therefore, using the previous analogy, we expect denser films overall with
Gaitan’s inks at all temperatures when compared to Walker’s inks.
At these times, when the droplets reach precipitation concentration, the maximum con-
centration within the droplet for both systems will equal the instantaneous reaction rate.
However, looking at the minimum reaction rates will give us more insight about the differ-
ences in both systems. This is shown in the plot on the right of Figure 5.18. Overall, the
reaction rates for Gaitan’s inks are higher than the reaction rates in Walker’s system. This
is interesting because although Gaitan’s system has a higher activation energy, its reaction
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rates are higher. This is because the pre-exponential factor for Gaitan’s system is 3 order of
magnitude higher than Walker’s system, which causes the overall reaction rate to be higher.
Moreover, looking at the total difference in reaction rates at lowest to highest substrate
temperature between Walker’s and Gaitan’s systems, we see that for Walker’s system, this
varies by a factor of about 25 and about 55 for Gaitan’s system. This is because, the total
reaction rate is plotted as a function of the concentration and order of the complexing agent.
Therefore, since ethylamine has a higher order than ammonium hydroxide, making Gaitan’s
reaction rate more sensitive to ethylamine concentration, we see this effect.
5.7 Time vs. substrate temperature
First, the velocity profiles for the 45˚ contact angle droplets for both the inks are shown
in Figure 5.19 at 145 ms so as to compare it to the higher contact angle droplets. Similar to
the velocities in the higher contact angle droplets, the velocity magnitudes for Walker’s ink is
slightly higher than Gaitan;’s ink. However, the overall velocity magnitudes are much lesser
(≈ 0.5 times) than the velocity magnitudes at higher contact angles. This is expected since
at lower contact angles, the effect of Marangoni in the droplets isn’t as significant due to
smaller temperature differences within the droplets owing to the smaller thermal conduction
pathway. this could also mean that even if the droplet do not exhibit complete bottom up
growth, the porous void like formation could be suppressed owing to slower fluid flow within
the droplet.
Next the velocity profiles and reaction rates in the droplet for Walker’s and Gaitan’s
inks will be shown first, for the 75˚ contact angle and then at a lower contact angle of
45˚. In the future, the lower contact angle droplets will be explored across various substrate
temperatures as well.
Figure 5.20 plots and compares the thermal reaction rates for Walkers’ and Gaitan’s inks
till 200 ms in increments of 40 ms. The thermal reaction rates increase with temperature
and decrease with time. The rates increase with temperature because, the reaction rate is
a function of temperature, and the rates decrease with time because, the reaction rates are
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Figure 5.18: Simulation results for total reaction rate vs. substrate temperature for Walker’s
ink (left) and Gaitan’s ink (center). Plot showing the substrate temperature vs. minimum
reaction rate for both inks (right).
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Figure 5.19: velocity profiles for Walker’s vs. Gaitan’s inks at all the substrate temperatures
at a droplet contact angle of 45˚.
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proportional to the concentration which decreases with time. Overall, the reaction rates for
Walker’s inks are lower than Gaitan’s inks. This is primarily because the pre-exponential
or collision frequency factor that had been extrapolated from the activation energy plots
was three orders of magnitude higher for Gaitan’s system compared to Walker’s system.
Moreover, for Gaitan’s system, especially at higher temperatures, the reaction rates at the
bottom of the droplets are the highest indicating the possibility of bottom up growth regimes.
This is not the case with Walker’s system and here we could expect a skin like growth or
precipitation from the liquid-vapor interface leading to porous structures as opposed to the
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Figure 5.20: Time vs. substrate temperature plots comparing the thermal reaction rates for
Walker’s vs. Gaitan’s systems for droplet at a contact angle of 75˚.
Next plots for total reaction rates are shown below in Figure 5.21. It is seen that while
Gaitans’ ink undergoes a bottom up growth throughout the 200 ms duration, the Walker’s
ink starts precipitating after certain times. This huge jump in reaction rates might be
indicative of porous-skin like formations since, silver could start precipitating suddenly in a
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Walker’s vs. Gaitan’s ink - time vs. substrate temperature  plots for total reaction rates
Figure 5.21: Time vs. substrate temperature plots comparing the total reaction rates for
Walker’s vs. Gaitan’s systems for droplet at a contact angle of 75˚.
Next, similar plots for thermal and total reaction rates will be shown for droplets with a
contact angle of 45˚ for 200 ms. First, the thermal reaction rates for the 45˚ CA droplets
are shown in Figure 5.22. Similar to the previous results, the reaction rates increase with
temperature and decrease with time. However, the major difference between the thermal
reaction rates at lower contact angle is that there is no clear discrepancy between both the
systems meaning, the bottom up effect that dominated Gaitan’s system is not as evident.
this could imply that both the inks follow a similar reaction pathway at lower contact angles.
Plots for the total reaction rates at this contact angle are shown in Figure 5.23. Similar
to previous results, Walker’s droplets jump to instantaneous reaction rate that could lead to
porous structures as opposed to Gaitan’s ink. However, the formation of larger porous voids
as we expect from the 75˚ contact angle angles could be suppressed due to the fact that the
overall effects of Marangoni induced fluid flow are lesser at lower contact angles.
Overall, from these simulations, it can be understood that at higher contact angle
droplets, where Marangoni induced fluid flow is more significant, bottom up growth that
stems from high reaction rates at the bottom of the droplets is key to formation of denser
134
Figure 5.22: Time vs. substrate temperature plots comparing the thermal reaction rates for
Walker’s vs. Gaitan’s systems for droplet at a contact angle of 45˚.
Figure 5.23: Time vs. substrate temperature plots comparing the total reaction rates for
Walker’s vs. Gaitan’s systems for droplet at a contact angle of 45˚.
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films. At lower contact angles, since the thermal conduction pathway is smaller, we would
expect relatively denser films regardless of the reaction pathway.
Before printing the reactive inks for validation, it is important to verify the scales for
conduction time, velocity magnitude and mass flux within the droplet to ensure that the
solver is doing what is expected of it.
5.8 Verification- conduction time scale
In order to verify the conduction time scale, plugging in values into 5.3.1 where the length







= 0.00354s = 3.54ms
The multiphysics simulation shows that the droplet reaches steady state temperature
between 3.04 and 3.6 ms which is very close to the predicted time scale for heat conduction.
5.9 Verification - velocity magnitude
For verification of the velocity magnitude, plugging in values of temperature dependance
of surface tension for water γ = 1.7× 10−4 [ N
m·K
], total temperature difference across lengths
scale △T = 55 [K], density of water ρ = 1000 [ kg
m3




1.7× 10−4 · 55




This shows that the estimated velocity is on the same order of magnitude as the computed
velocity magnitude from COMSOL (1.09 [m
s
]) which is acceptable.
5.10 Verification - Mass flux
In order to verify the flux condition, the mass flux coming out of a pure water droplet was
used. Therefore, this was done before implementation of ammonia and ethylamine species
in the water droplet. The mass flux from the droplet in the COMSOL model is calculated
as
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Where, −(tds.ntflux− c) is the net concentration flux of water vapor species ’c’ coming
out of the droplet and Mw is the molecular weight of water 18.01[
g
mol
]. From the multiphysics
simulation, it was seen that at steady state, the mass flux obtained is about 0.005[ kg
m2·s
]. An
important thing to note is that in order to compare this mass flux to the experimental mass
flux, certain parameters such as the substrate temperature, droplet radius and contact angle
were tweaked in the model to match the experimental conditions.
A water droplet was printed using the Jetlab II Microfab printer on a heated glass sub-
strate that was silane treated to make it super-hydrophobic. The water droplet evaporation
was captured using a Photron UX100 high speed camera and the evaporation time was
obtained. The parameters for the experiment were as follows:
• droplet radius (r) = 35.5µm
• Contact angle (θ) = 143˚
• Substrate temperature Tsub = 66˚C = 339K
• Volume of impinged droplet (Vi) = 1.82× 10
−13m3
• Time for evaporation tevaporation = 1369.2ms = 1.369s





The mass of droplet is calculated as:
m = ρ · V = 1000[
kg
m3
] · 1.82× 10−13[m3] = 1.82× 10−10kg (5.18)
The surface area is calculated as:
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SurfaceArea = 2 ·π · r2 · (1− cos(θ)) = 2 ·π · (35.5× 10−6)2 · (1− cos(143)) = 1.42× 10−8m2
(5.19)
Substitute Equation 5.18 and Equation 5.19 in Equation 5.17,
MassF lux =
1.82× 10−10





This estimated mass flux is about 2 times greater than the mass flux obtained at steady
state from the model. This is acceptable since, the calculation over-estimates the flux since it
assumes that the flux leaving the droplet is constant throughout and does not slow down as
the droplet loses mass and shrinks. Ideally, the flux would need to be computed at different
time intervals and then averaged to get a more accurate value. However, for the current
validation, this is acceptable.
5.11 Printing, metrology and validation
Next, the printing and metrology work associated with the reactive inks is discussed. All
the printing was done with the Microfab jetlab II inkjet printer. High speed camera videos
of the printed reactive ink droplets were captured in order to get the reaction time scales.
These trends will then be used in combination with the print morphologies to validate the
simulation. Note that only the white frosted side of the glass substrates were used during
printing. This is because, this met one of the requirements for capturing high quality high
speed videos where not much light was reflected off from the substrate leaving the printed
droplet well illuminated. Preliminary tests showed that Walker’s and Gaitan’s inks inherently
exhibited different contact angles on glass substrates. This could prove to be a challenge
when comparing morphologies and time scales due to the fact that particle agglomeration
and fluid flow patterns will be suppressed in lower contact angle droplets which could directly
tie in to how the morphology is affected. In order to eliminate this variable, contact angle
138
tests were done using an in-house goniometer on Walker’s and Gaitan’s inks having different
concentrations of silver acetate, on glass substrates with a goal to identify concentrations
and surface treatment methods for which both inks exhibit similar contact angles.
Two types of surface treatment methods were implemented to run the contact angle
experiments.
1. No treatment - The glass slides were subjected to a standard cleaning procedure which
involves rinsing the substrates with acetone, isopropyl alcohol and DI water in that
order. The glass slides were then dried with nitrogen. No other substrate treatment
procedure was implemented for this test other than cleaning the slides.
2. Hydrophobic treatment - This type of surface treatment was done to decrease the
wettability of glass slides also known as hydrophobic treatment. This was done by
treating the glass slides with methyltrichlorosilane. This is discussed in more detail in
appendix A.4.2.
Gaitan’s inks with silver acetate concentrations of 0.1, 0.3 and 0.5 M were used and
Walker’s inks with silver acetate concentrations of 0.1, 0.3, 0.5, 1, 1.5 and 2 M concentrations
were used for the contact angle tests on substrates treated with both the methods mentioned
above as shown in Figure 5.24. Droplets of the desired ink were pipetted onto the substrate
and the image of the droplets were captured using a dinoscope hand-held digital microscope.
The contact angles were then measured using ImageJ/ Fuji software.
The matching contact angles for both systems with the same silver acetate concentrations
are shown as dashed-grey circles. The contact angles match for both ink systems when silver
acetate concentration is 0.3 M for both inks and when the substrate for Walker’s ink is
untreated and Gaitan’s ink is silane treated at about 45˚. The other concentration where
contact angles match is at 0.5 M for both inks when all substrates are silane treated at
about 75˚. Therefore, for all high speed camera time scale experiments and SEM imaging,
droplets containing 0.5 M silver acetate concentration on silane treated substrates were used
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for printing and this will be the primary focus of this work. SEM images will also be shown for
the 45˚ contact angle prints where the silver concentration is 0.3 for the sake of comparison.
Figure 5.24: Plot for silver acetate concentration vs. contact angle for Walker’s and Gaitan’s
inks on untreated and silane treated glass slides.
As mentioned earlier, all printing was done on hydrophobic-treated treated substrates to
achieve a contact angle of 75 ˚ for both ink systems. Printing was done at 40, 50, 60 70
and 80˚C measured substrate temperature. An SEM collage of top down and cross section
images for the printed inks is shown in Figure 5.25. As the temperature increases, there
are more bumps/features on the droplet surface owing to more porous prints in both ink
systems. This can also be seen from cross section images as there appears to be larger voids/
porous structures at higher temperatures. The smoothest and densest films are obtained
at lower temperature prints. This is likely due to the fact that at higher temperatures, the
solvent leaves faster leading to an evaporation dominated droplet evolution regime whereas at
lower temperatures, the drop evolution is a balance of thermal and evaporative phenomenon
leading to there being more time for the nucleated seeds to settle down and fill gaps in the
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evolving droplet. Also, between the ink systems, overall, droplets printed using Gaitan’s
inks are smoother. This can again be tied in to the previous explanation, where ethylamine
having a lower vapor pressure than ammonium hydroxide causes the droplets to have more
balance between thermal and evaporation phenomenon.
Moreover, looking back at Figure 5.11 for Walker’s system, at lower temperatures when
compared to higher temperatures, we see that larger volumes of the droplet have reached
precipitation concentration giving rise to silver nucleation in these regions. At higher sub-
strate temperatures, the precipitation region indicated by the blue region is much thinner
around regions where silver hasn’t started precipitating/nucleating yet. This explains why
at higher temperatures, for Walker’s ink, we see more of a skin formation with large voids
in the center. In contrast, Gaitan’s system as seen in Figure 5.17, is characterized by higher
and more uniform reaction rates throughout the droplet leading to the formation of a denser
film.
3D topography maps were obtained on the printed droplets using a Dektak XT contact
profilometer. This gave useful information about the average thickness of each droplet which
is a measure of the total puckering/ flaking effects in the printed droplets. Since it was
hard to extrapolate the exact amount of silver deposited from the droplets before they hit
the substrate, the actual porosity of these prints was not obtained. However, the average
thickness is indicative of what the porosity could be. Figure 5.26 plots the average thickness
of each droplet as a function of substrate temperature for droplet contact angles of 75 ˚. For
Walker’s ink, the average thickness of the droplets increases almost linearly with increasing
substrate temperature. This implies that at higher substrate temperatures, there is more
puckering within the droplets owing to the formation of void/ skin-like features. For Gaitan’s
system, interestingly, the maximum thickness starts dropping at higher temperatures likely
due to the more thermally dominated phenomena that drives the reaction kinetics. This
tells us that, overall, for Walker’s inks, the porosity could be a lot higher than Gaitan’s inks,
especially at higher temperatures.
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Figure 5.25: SEM array of top down images of Walker’s ink (left column) and Gaitan’s ink
(right column) with temperatures increasing from top to bottom. The images bordered in
red are top down images and the ones bordered in blue are cross section images of the same
droplet..
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Figure 5.26: Plot for substrate temperature [˚C] vs. maximum thickness [µm] of Walker’s
and Gaitan’s droplets for a measured contact angle 75˚.
Looking back at Figure 5.24, we know that the other matching contact angle occurs for
45˚ when the silver concentration in both the inks is 0.3 However, the surface treatment
methods for both the ink systems to achieve similar contact angles are different. Printing
was done for the 0.3 inks at a substrate temperature of 80 ˚C as well in order to make sure
that the metal loading in the inks does not affect the way both the ink systems behave.
This will ensure that regardless of what the metal loading for any reactive ink system is, the
morphologies can be predicted based on the simulations. This is shown below in Figure 5.27.
The SEM images shown in the top row are top down images and the images shown in
the bottom row are cross section images. The red border indicates droplets printed using
Walker’s ink and the images bordered in blue are droplets printed using Gaitan’s ink. It
is seen that although the effect is much more suppressed for the lower metal loading, the
trend for both the systems is the same as with the higher metal loading, with the Walker’s
droplet showing more puckering and the Gaitan’s droplet being more dense. This shows that
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regardless of the silver concentration in the inks, the silver nucleation/ growth mechanisms
still remain the same. Moreover, at this lower contact angle, where the fluid velocity and
thermal conduction pathway are smaller, there is more bottom up growth leading to denser
films when compared to the higher contact angle droplets as predicted.
CA - 41˚20 µm
0.3 M AgCH3COO - Gaitan’s
CA - 44˚
0.3 M AgCH3COO - Walker’s
20 µm
CA - 41˚8 µm
0.3 M AgCH3COO - Gaitan’s
CA - 44˚
0.3 M AgCH3COO - Walker’s
8 µm
Figure 5.27: SEM top down and cross section images of Walker’s vs. Gaitan’s droplets
printed on a substrate at 80 ˚C with a contact angle of ≈ 45 ˚.
Next, similar prints were done on plasma treated substrates so that the droplets com-
pletely wet the substrate. this ensured that the contact angles of these droplets was close to
0˚ thus minimizing the thermal conduction pathway. As expected, the films are the densest
since there is no clear separation between reaction rates at the bottom of the droplet and
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the liquid-vapor interface due to the small thermal conduction pathway. The SEtop down
and cross section images for the completely wetted droplets are shown below in Figure 5.28.
Figure 5.28: SEM top down and cross section images of Walker’s vs. Gaitan’s droplets
printed on a substrate at 80 ˚C with a contact angle of ≈ 45 ˚.
The SEM results were then correlated with the printed morphologies for the 75˚ contact
angle samples. High speed videos of the printed droplets were captured using a Photron
Fastcam UX100 high speed camera system to capture the growth mechanisms within the
reactive ink droplets and also to validate the time taken for the droplet to reach precipi-
tation concentration. This is shown below in Figure 5.29. It is seen that as predicted, for
Walker’s inks, where the bottom up growth is not prevalent, there is a skin like formation
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and precipitation of silver begins from the liquid-vapor interface as seen from the high speed
images on the right. For Gaitan’s ink, where the reaction rates at the bottom of the droplets
is the highest, we see denser films owing to the bottom up growth. Again, this can be seen
clearly from the high speed images, where the precipitation begins from the bottom of the
droplet near the liquid-substrate interface.
Figure 5.29: Image showing the correlation between the simulations that predict morpholo-
gies to the printed droplets and high speed images for a droplet contact angle of ≈ 75 ˚.
Similar correlations for the contact angle 45˚ droplets are shown below in Figure 5.30. As
expected, there is no clear differentiation between the growth mechanisms between Walker’s
and Gaitan’s inks other than the fact that the reaction rates are higher in the latter. This
coupled with the fact that the velocities are lesser and the thermal conduction pathway is
smaller in the 45˚ droplets means that the silver growth mechanisms are similar. Further,
it is very hard to see a difference between the silver precipitation pathhways from the high
speed images as both appear to be similar.
Lastly, high speed videos of the printed droplets were captured using the Photron Fast-
cam UX100 high speed camera system to extrapolate the time taken for the onset of silver
reduction within the droplet. this was then used to validate the model by comparing these
reduction times to the times taken for droplets to reach precipitation concentration from sim-
ulations. Note that although the overall reaction times as seen from the high speed videos
are on the order of a few seconds at lower substrate temperatures, my model only predicts
the initial stages of the drop evolution when silver starts to precipitate in the droplet. The
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Figure 5.30: Image showing the correlation between the simulations that predict morpholo-
gies to the printed droplets and high speed images for a droplet contact angle of ≈ 45 ˚.
overall reaction in the droplet, with silver growth/nucleation will be modeled as part of
future work to build upon the current model and can be used to validate the overall time
scales of the reaction. We see from Figure 5.31 that the simulation results agree with the
experimental results with Walker’s ink showing a deviation of about 25 % and Gaitan’s ink
showing a deviation of about 32 % with the model under-estimating the time for reduction.
This is acceptable, since, the actual ink also contains silver acetate and formic acid that
lower the overall vapor pressure of the system. This deviation could also be attributed to
human error while investigating the reduction time points from high speed videos and the
fact that the printed droplets have slightly different radii compared to the simulation.
Therefore, the simulation has been validated within a reasonable error range and can be
used to gain insight into possible morphologies of new ink systems.
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Figure 5.31: Plot for temperature vs. time for onset of silver precipitation in the droplet for




So far this work had been focused on first identifying that with changing processing
parameters such as solvent composition, substrate temperature, ink viscosity and vapor
pressure, the print morphologies of reactive inks change drastically with porosities ranging
from 50-90 %. Following this, a preliminary understanding of reactive ink systems, the
underlying reaction kinetics which include the orders of the reactant species, the activation
energies of two different reactive ink systems and their respective reaction rates was obtained
along with an understanding of how the fluid flow within a reactive ink droplet affects the
mass transport of the species within said droplet. This was done with a goal to predict how
the print morphologies could be affected based on different processing parameters in order
to increase the scope for broadening reactive ink applications.
In spite of the advancements in understanding of reactive ink systems through this exten-
sive research, more work has to be done to increase the understanding of reactive ink systems
and to be truly able to predict the print morphologies for any given system. First, the mul-
tiphysics simulation has to be updated to include Chemical Reaction Engineering (CRE),
Electrochemistry, Electrodeposition, and Particle Tracing modules to actually model the re-
actions within a droplet in addition to what has already been done in this research. Through
this, we should be able to input a set of parameters associated with any reactive ink and
have the model output the resulting printed morphology which would be an extremely useful
tool to design and control reactive ink systems and tailor them for any desired application.
Secondly, development of more beneficial reactive ink systems with higher metal loadings,
and across huge viscosity ranges is necessary in order to encompass a wider range of appli-
cability. For example, presently with DOD printing, the viscosities of the inks are limited to
a specific range. With the available reaction kinetics and chemistries, it should be possible
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to develop new reactive ink systems that could work across a larger parameter space.
Lastly, there is scope for improvement of the scalability of reactive ink systems. For
some of the applications mentioned in this document, such as metallization of photovoltaics,
reactive inks could be truly beneficial with a potential to disrupt a $2 billion/year industry
of conductive inks and pastes. However, to achieve its full potential, better systems must be
developed to developed to increase the scalability of these inks which is one of the primary
requirements of the solar industry. While this issue is being currently addressed with larger-
scale inkjet printers such as the CERADROP inkjet printer, their combination with multi-
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The experimental procedures section details all the techniques and methods used through-
out this dissertation with a goal to eliminate ambiguity and promote repeatability of all pro-
cesses. Some of the techniques mentioned below are used hundreds of times and repeatability
of these methods is paramount in generating reliable data.
This appendix is further subdivided into multiple sections. The first section will discuss
some of the chemical hazards associated with reactive inks either during ink preparation
or during handling and storage of said inks. Following this, the tools and equipment used
throughout to achieve desired results for fabrication, focusing on some of the key parameters
and settings that are essential and may not be too obvious to the reader will be highlighted.
Then, the various techniques used for metrology and measurements will be detailed while
also mentioning which area of research said tools and techniques had been used for. Fi-
nally, specific techniques that deal with the ink preparation processes, substrate treatment
processes, contact angle and surface tension measurement techniques, and also techniques
that are used for demonstrating reactive ink applications such as liftoff technique for sil-
ver spiral, flushing technique for microfluidic mixer, and peel testing technique for adhesion
measurements on solar cells will be explained in detail.
A.1 Chemical hazards
Reactive ink synthesis primarily uses complexing agents such as ammonium hydroxide
and ethylamine along with a trace of formic acid. Both the complexing agents have high
vapor pressures (2100 mmHg for ammonium hydroxide and 870 mmHg for ethylamine) and
are extremely pungent owing to their Amine groups. Both of these can cause serious damage
to eyes if exposed and are toxic if ingested orally or via inhalation. Moreover, Formic acid
is poisonous when ingested or inhaled. For these reasons, proper protective equipment that
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include safety goggles, lab coats and compatible gloves should be worn at the very least while
handling these chemicals. Additionally, the mixing of these chemicals should only be done
in a designated working fumehood with the door of the hood slid down as much as possible
without it being uncomfortable due to the high volatility of the compounds.
Other chemicals such as methyltrichlorosilane, or orthotrichlorosilane used for treatment
of glass and Silicon substrates to make them superhydrophobic are extremely toxic and
hazardous when exposed to the skin. So, care must be taken by handling these chemicals
only while wearing proper PPE and in the fumehood as mentioned earlier. Polymers such as
the polydimethylsiloxane and polyethylene glycol are non-toxic but can be messy to handle.
For this reason, a plastic tray lined with a paper towel is recommended while handling these
chemicals in order to save a lot of time during cleaning up.
A.2 Equipment
A.2.1 Metrology tools
Amray 1910 Field Emission Scanning Electron Microscope (FESEM)




Purpose: To image nano-micro sized printed features and topologies
Conditions:
Samples were secured to the sample holder with the help of a carbon tape. This tape
was attached such that electrical contact was established between the surface of the sample
containing the printed features of interest and the base of the sample holder itself. For
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features printed on non-conductive samples, the top surface of the sample is sputter coated
with 10-15 nm of gold before securing the samples to the sample holder.
This particular SEM was an older model, with the ion gun and sample chambers being
completely isolated. An important rule of operation is that the ion gun column should be
completely shut off from the sample chamber when the sample is being loaded. Once the
sample chamber is pumped down to 1× 10¬-5 Torr, the lever that opens the ion gun chamber
can be released thus bringing the SEM to imaging mode. Most images were taken using an
accelerating voltage of 15kV with a working distance of 5-10 mm in order to obtain high
resolution images. Care was taken to not load samples that were too large to avoid the risk
of crashing into the collector mesh. For cross-section imaging, the stage was tilted 90˚ in
the desired direction and the same imaging conditions as mentioned before were used. One
thing to note is that, if the features are printed on non-conductive samples, the side of the
sample that has been cleaved to view as a cross-section must also be sputter coated with
gold in order to prevent charging. This is a phenomenon where electrons ejected from the
beam onto the sample do not have a pathway to dissipate owing to the low conductivity of
the sample and cause a build-up of charge in one location where the beam is incident. This
has deleterious effects to not only the image quality but also the sample itself.
During imaging, focus and stigmation are set at the highest magnification so that the
focus for the lower magnification images are also taken care of. As a habit, images are
captured at any desired location at multiple magnifications of 100x, 250x, 500x, 1,000x,
2,500x, 5,000x, 10,000x, 25,000x, and 50,000x.
Lastly, after obtaining the desired images, the lever that shuts off the ion gun chamber
is first depressed and the sample chamber is then vented. After the samples are unmounted,








Purpose: To image nano-micro sized printed features and topologies
Conditions:
The imaging conditions are similar to the Amray 1910 as discussed earlier. The sample
loading procedure for the JOEL 7000 however, is different. The JOEL is able to pull vacuum
more effectively due to a liquid nitrogen cooled pump. Therefore, one of the first steps to
be taken before using this SEM is to make sure the liquid nitrogen is filled to the required
level. In order to do this, the liquid nitrogen is poured into the rear side of the SEM via a
funnel till it overflows. This helps the tool pump down faster and efficiently. This SEM has
designated sample holders that are much larger than the ones used in the Amray system.
For this reason, the type of holder used along with the height of the sample protrudes from
the holder should be specified in the software before loading the sample to avoid the sample
crashing into the electron gun. One advantage the JOEL system has over the Amray is the
ability of the user to control the stigmation of all the lenses. This could prove to be tedious
at first but the pay-off is clear, high resolution images every time.
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Purpose: To analyze and identify elemental composition in a printed sample
Conditions:
The conditions for effective spectroscopy is that the detector must be angled at 12-15 ˚
with respect to the sample. The sample must be at about 10-12 mm working distance and
the infrared light in the sample chamber must be turned off to prevent any noise.
For the Amray system, the detector is parallel to the sample stage and therefore, before
collecting a spectra, the sample must be manually tilted to 12˚. The detector in the JOEL







Purpose: To obtain 3D morphologies and roughness values of printed structures
Conditions:
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The contact profilometer uses a 2 µm radius tungsten tip for measurement. The tip has
to be cleaned regularly by dabbing gently with a lint-free cloth dipped in Isopropyl alcohol.
If the tip needs to be changed or removed for cleaning, only the magnetic mount provided
by Bruker should be used for doing so. The loading and unloading of the samples onto the
stages should only be done with the help of the ‘load sample’ and ‘unload sample’ buttons
on the software respectively. This is to help prevent any accidental touching of the tip which
could result in the tip being damaged. Additionally, the underside of the stage that contains
a glass sliding panel should be wiped down gently with lint-free cloths occasionally in order
to facilitate smooth scans.
Once the software is started up, the initialize XY stages and initialize theta for the stages
are done always. There are two types of scans of interest standard line scans and map scans.
Under measurement settings, the parameters for each of these scans are set. The common
parameters for both the scans are as follows:
• Tip force – is set to the minimum of 1 µm. This is to prevent the tip from scratch-
ing/changing the morphology of the printed samples
• Scan resolution – The profilometer scans from bottom to top always. So the vertical
resolution is set to 0.276 µm/point
• Vertical resolution – This is used to set the extent of the vertical height expected from
the scan. This is important because if much smaller features are being scanned, then
this value can be low so that the resolution in the z-direction is a maximum (10 nm).
For all the scans of the printed features, this is set to 500 µm.
• Map resolution – When a map scan is selected, the resolution between each vertical
line can be set. Since the tip radius is2 µm, this value is usually set to 1 µm.
After obtaining the scans, post processing was done to the scans by analyzing them for
roughness, max. height, etc. ‘R’ and ‘M’ cursors were used to select the regions that needed
to be leveled before generating the desired data.
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Purpose: To obtain optical top down and backlit images of printed features
Conditions:
This optical microscope was not necessarily used for imaging printed features themselves
but rather was used to quickly check the quality of the prints in between long print sessions.
The reason for this was primarily because this microscope used a very low resolution camera
(1.3 MP). The sample was mounted on the manual microscope stage and knobs were used to
manually move the samples in x, y, and z directions to get the samples in focus. The digital
image could be observed using the Moticam software. This was used to quickly check if the
printed features were continuous during a parameter space investigation as an alternative to
the camera provided on the Microfab inkjet printer (This will be discussed in more detail in
the upcoming sections). A switch on the light source controller was used to toggle between
top lighting and backlighting. The backlight feature was used to check if the printed features
were solid or had some voids in them. If no light passes through the printed features, that
implied that the printed features were solid. One caveat to using the microscope in this
mode is that the featured had to be printed on transparent substrates such as a standard
microscope glass slide.
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Purpose: To obtain optical top down and backlit images of printed features
Conditions:
The operating conditions were similar to that of the Motic microscope. This microscope
was mainly used for imaging samples printed for the adhesion of reactive inks on Indium
Tin Oxide (ITO) project. All the stages were motorized and were controlled using the
Stream motion software. Some of the advantages of this microscope over the Motic were:
High resolution top down and backlit images of printed features could be obtained, most of
the features could be automated for repeatability, the software could stitch multiple images
together in order to get a panoramic view of features that were well beyond the field of view
of the microscope.
Photron UX100 high speed camera




Purpose: To obtain high speed/ slow motion videos of printed reactive ink features
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Conditions:
The high speed camera is used for capturing ultra slow motion videos of print features.
This was used to validate time scales within printed reactive ink droplets such as evaporation,
silver nucleation time, etc. This camera, under the right lighting conditions is capable
of capturing videos at 800,000 frames per second. For capturing the reactive ink printed
droplets, videos were captured at up to 4000 fps. The printed droplets were 40-200 µm
feature size.
The camera was augmented with Navitar components such as a 0.5x C-mount adapter,
12x zoom body with 3 mm fine focus, 2x standard adapter, 2x lens attachment for the 12x
zoom body, and a universal mounting clamp for the adapter tube. The light source used
contained a Meiji focus block with coarse and fine focus, ferrule lamp, compact constant
current controller (24 V DC), and a coaxial spot white light cable system.
A custom mounting system was machined in order to facilitate stability of use of the
camera system while also increasing the simplicity of tuning the camera position and focus.
The camera system should be at 25 mm from the feature of interest (This distance varies
based on the lens customization/ arrangement). The camera is connected to a dedicated
windows computer via a gigabyte ethernet cable and is controlled via the Photron fastcam
software. While recording a video, the light source should point directly to the feature of
interest and must be as close as possible in order to increase the intensity of the light beam
on said feature.
The camera system is carefully disassembled after every use and the lenses are covered








Purpose: To capture optical images of droplets on surfaces to estimate their contact
angles
Conditions:
A goniometer was constructed in-house with the help of a portable dino-lite AF3113T
digital microscope. The droplet whose contact angle was to be measured was dispensed
onto the desired substrate. The microscope was mounted horizontally, such that the base of
the substrate was parallel in the field of view without any tilt. For example, when set-up
correctly, when looking at a glass slide, only the edge of the slide was seen and not the
surface. A backlight source can be added if needed to achieve contrast between the droplet
and the substrate. An image of the droplet was captured using the DinoXcope software.
The angle between the droplet and the substrate was then measured with the help of an
image processing software such as ImageJ/ Fuji. Multiple measurements were taken in order






Purpose: To measure mass loss of a substance as a function of time and temperature
Conditions:
The TGA consists of a vertical furnace chamber that is capable of heating up to 1000
˚C. The furnace can be air cooled with the help of compressed air at the end of every
run. The furnace routines, along with other controls such as sample loading and unloading,
furnace up and down are controlled using the TA universal software. The mass calibration
and temperature calibration routines must be performed once every two months for smooth
and accurate operation of the tool.
The sample was initially loaded onto an aluminum pan which was then loaded into the
platinum pan. This is set on the loading zone and mounted to the thin kapton wire using the
software. The thermocouple is help next to the mounted sample for accurate temperature
measurement of the sample. Once the furnace routines are set, the process can be run. Note
that there needs to be a constant flow of an inert gas into the system at a pre-set flow rate
for the ‘Run’ operation to be functional. The mass loss curve is plotted as the run proceeds.
These curves can be further analyzed in more detail using the TA universal analysis software.




Purpose: To measure heat capacity of a substance by comparing it to a reference
Conditions:
The samples to be analyzed were first loaded into aluminum (t-zero) pans and sealed
with the help of a press. There are three lid types: t-zero lid, hermetic lid, hermetic lid with
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pin-hole. The usage of the type of lid depends on what the study is. For example, in order
to look at boiling curves of solvents, the sample of fluid mounted in the t-zero pan should
be sealed off with a hermetic lid with a pin hole.
The DSC should be calibrated for temperature using the same ramp rate as in the studies.
The sealed sample was then loaded into the DSC. Opposite to this, a reference pan with
a similar lid was loaded. The reference is always closer to the user. Similar to the TGA,
the constant flow of an inert gas with a pre-set flow rate is required for operation. The
instrument was controlled with the help of the TRIOS software. The DSC can be used
to analyze boiling points, melting points, glass transition temperatures, phase transition
temperatures, exothermic and endothermic reactions, etc.
Mettler Toledo seven excellence pH and conductivity probe
Type: pH and conductivity measurement tool
Make: Mettler Toledo
Model: S700
Purpose: To measure pH and conductivity of solutions
Conditions:
Before measuring the conductivity of a solution, the conductivity probe was calibrated
using the calibration solutions provided. The probe (with the appropriate conductivity
range) is dipped in the solution whose conductivity is to be known and ‘read’ button is
pressed on the screen. This outputs the conductivity in Siemens in a few seconds.
Similarly, for measuring pH of a solution, the pH probe has to be calibrated with the
appropriate pH solutions across the desired range. For example, if the ph of an acidic solution
is to be measured, the calibration is done with multiple buffer solutions of known pH values
less than 7. Note that the pH probe must always be stored in a KCl bath to maintain good
health of the pH probe.
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Peel tester with Instron 2530 low-profile load cell
Type: Adhesion strength tester
Make: Instron
Model: 2530
Purpose: To measure the adhesion strength of printed silver features on ITO
Conditions:
The silver lines printed on ITO whose adhesion strength was to be measured was mounted
on a custom-made peel test rig. A duck tape stuck to the sample and folded in on itself at
180˚ was then clamped to the 5 N Instron load cell. The tester plotted force applied as a
function of displacement and the differences of adhesion strengths of the tape with ITO and
tape with silver appeared as peaks on the plots. Care was taken to clamp the tape with the
load cell in such a way that the tape was completely parallel and taut with the cell. All peel
tests were done with a pull speed of 1 cm/min and the test was run for 4 minutes. This is
explained in more detail chapter 3.
A.2.2 Processing and fabrication tools




Purpose: To clean samples of top layer hydrocarbons using Oxygen-Argon plasma
Conditions:
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The plasma etcher was used primarily to either clean glass and Silicon substrates of top
layer hydrocarbons or to make surfaces hydrophilic. Hydrophilic means water-loving, and
once substrates were treated with the plasma, their wettability increased meaning the contact
angles of fluids on these substrates dropped considerably (close to 0˚). Before turning on
the equipment, it was made sure that the Oxygen and Argon gases were being supplied to
the tool. The vacuum pump was connected to the rear end of the plasma ether in order
to transfer control of the vacuum pump to the tool. The equipment was controlled via the
‘WinPE50’ software. Pre-defined sequences can be set prior to each run in the ‘Technician’
tab. Note that the gas properties and settings are pre-defined in the software and should
not be changed. This helps the tool maintain the desired flow rates. The first step the
user must take after running the software is to activate the RF generator and the vacuum
control under the ‘Power’ tab. The gas flow rates for Oxygen and Argon were always set to
10 scfh and 5 scfh respectively for all tests to achieve repeatability. Samples are loaded into
the plasma chamber and care must be taken to seal the door properly in order to facilitate
effective pumping down of the chamber.
A plasma burn cycle must be done once every month where the equipment is run for 2-3
hours without any sample in the chamber. This ensures proper working of the plasma and
helps get rid of any contaminants in the chamber.




Purpose: To separate precipitates in solution from supernatants
Conditions:
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The centrifuge has six slots that can be used simultaneously to separate precipitates in
solutions. This tool was mainly used for the kinetics experiments to separate the reduced
silver in solution from the unreduced ink to ultimately measure the mass of silver reduced.
The centrifuge was run for 15 mins at 4000 rpm for every run to keep it consistent. The
clear supernatant was centrifuged again two more times to separate all of the reduced silver
from the unreduced solution. Note that every time a centrifuge tube is placed in one of the
slots in the centrifuge, another centrifuge tube of equal mass must be placed in the opposite
slot as a counter weight. This facilitates smooth functioning of the centrifuge. The counter
weight can be made with any fluid solution such as water.




Purpose: To remove dirt and other contaminants from substrates
Conditions:
The ultrasonic cleaner was primarily used to clean substrates before treatment with the
silanes to make them super-hydrophobic. A pre-requisite for such treatments is that the
substrates are extremely clean. For this reason, before treatment with any silanes, the
samples are first pre-cleaned, following which they are plasma cleaned and then subjected
to the ultrasonic cleaning. The pre-cleaning procedure involves cleaning the substrate with
Acetone, De-ionized water and Isopropyl alcohol in that order and then drying with nitrogen.
Before sonication, the samples are completely immersed in a clean solution of ethanol
in a flat-bottomed beaker. This setup is placed in the water bath of the ultrasonic cleaner.
Care should be taken such that the level of water in the bath is just enough so that the
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beaker containing the samples do not float. The process is typically done with the lid closed
and for about 15 minutes.




Purpose: To print high resolution, micron sized features onto a heated substrate using
reactive inks
Conditions:
Reactive silver inks deposited by piezoelectric drop-on demand (DOD) inkjet printing
enables formation of highly conductive, micron-scale, precisely patterned features; this can be
used to improve performance and expand design opportunities for various electronic devices.
The Microfab Jetlab II printer was used to print all the reactive inks mentioned through-
out. This technique combines its ability to deposit pico-litres of fluid onto the substrate
precisely by using computer controlled ink dispensers and translation stages for fabricating
complex patterns. DOD printing enables fabrication via integration of multiple inks onto a
single platform without the need for the use of expensive masks, deposition tools or etching
equipment. Moreover, since DOD is a non-contact technique there is a lesser chance for any
form of contamination to be present in the system.
All of the printing mentioned throughout this dissertation has been done using this
technique. The DOD printer has a precision stage and digital pressure controller. The
precision stage has a resolution of 2 µ and is temperature controlled via a Eurotherm 2132
controller.
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The substrate on which the pattern is to be printed on is placed on the XY-translation
stage. Ink is stored in a reservoir and is dispensed through a dispenser (nozzle) which consists
of a piezo-electric device. The stages and the dispenser are controlled with the help of a
computer. The ink dispenser consists of a jetting tube enclosed in a piezoelectric transducer
housing. When a voltage is applied to the piezoelectric transducer, pressure is induced in it
thus leading to the formation (jetting) of droplets through the orifice of the dispenser. Once
jetting is achieved, the drop observation camera is used to monitor the droplet formation
and the parameters are varied to get stable, satellite-free droplets. The printing parameters
are imperative to achieving high feature resolution prints as they facilitate control over the
drop volume, drop velocity, number of droplets per ejection and ejection frequency.




Purpose: To coat non-conductive samples with a 5-15 nm conductive layer of gold to
make them conductive for SEM
Conditions:
The sputter gold coater was used to deposit about 5-15 nm of gold onto features printed on
a glass or any other non-conductive substrate in order to make the samples more conductive
for SEM imaging. The samples were placed in the chamber and the top lid containing
the gold target was closed. This chamber was then pumped down to the required amount
of vacuum and a voltage was applied across the target creating a plasma containing gold
ions. The time required for depositing about 15 nm was about 150 s and this was required
to eliminate the charging effect during SEM imaging. Note that if the cross-section SEM
181
images of non-conductive samples were to be obtained, the cleaved samples were mounted
at 90˚ with the cleaved side facing up and towards the gold target. This was done so as to
ensure coating of the cross-sectioned side with gold and to make it conductive.
A.3 Ink preparation
A.3.1 Silver reactive ink
A modified version Lewis’ group silver reactive ink solution was used as our silver ink
(Walker and Lewis 2012). 2.00 g of silver acetate (AgCH3COO anhydrous, Alfa Aesar, 99%)
was dissolved in 5.00 mL ammonium hydroxide (NH4OH , VWR, 28–30 wt% ACS Grade)
followed by adding dropwise 0.4 mL formic acid (HCOOH , Sigma-Aldrich, Anhydrous >
96%). The ink was allowed to sit for 12 h under ambient conditions and then filtered through
a 450-nm nylon/polypropylene filter and stored at 4 °C (fridge temperature) until use. Drop
stability and printed silver quality were improved by diluting the base silver ink 1:10 or 1:1
by volume with ethanol if required (Lefky et al. 2016). The ink solution was filtered one
last time immediately prior to printing.
One of the major challenges when using Walker’s reactive ink was that regardless of
the ink composition, the kinetics were driven by the evaporation of the extremely high
vapor pressure (2160 mmHg at 25 ˚C) ammonium Hydroxide complexing agent. In order to
counteract this evaporation dominated phenomenon, we developed a new reactive ink system
(Gaitan’s ink) that used a lesser vapor pressure ethylamine (871 mmHg) as the complexing
agent, thus enabling thermal phenomenon to play a role in the overall formation of silver
films.
The ink handling and preparation techniques for Gaitan’s ink is similar to Walker’s
system. The only difference is in the composition of the solvents in the ink. 0.68 g of silver
acetate (AgCH3COO anhydrous, Alfa Aesar, 99%) was dissolved in 8.00 mL ethylamine
(C2H5NH2 , VWR, 66–72 wt% ACS Grade) followed by adding dropwise 0.155 mL formic
acid (HCOOH , Sigma-Aldrich, Anhydrous > 96%).
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A.3.2 Polydimethylsiloxane (PDMS) ink
Dow Corning’s Sylgard 184 silicone elastomer kit formed the basis of the PDMS ink.
Four different combinations of silicone, cyclohexane, and toluene ratios were evaluated for
down-selection. Critical parameters for down-selection were jetting stability, droplet velocity
(maximized), satellite formation (minimized), droplet evaporation, feature resolution, cure
temperature, and cure speed. Ultimately, a base silicone solution consisting of Sylgard 184
Part A and Part B in the manufacturer’s recommended 10:1 Part A to Part B (herein called
“PDMS”) by weight was diluted 1:5 (PDMS/toluene) by volume. The addition of the lower
vapor pressure toluene in this ratio ensures jet stability when printing above a substrate
held at 130 °C. The final ink was stirred for 15-30 mins using a magnetic stirrer to ensure
complete mixing of the polymer with the solvent. The PDMS ink formed the basis of the
microfluidics device.
A.3.3 Polyethylene oxide (PEO) and Polyethylene glycol (PEG) inks
Various mixtures of PEO, PEG, H2O, and ethanol (EtOH) were tested to balance fill
rate with jet stability. PEO (10,000 MW), PEG (1305–1595 MW), and EtOH (200 Proof,
Anhydrous) were purchased from Sigma-Aldrich. The preparation of the PEG ink was
straightforward. A known amount of PEG was added to DI water solution such that the
weight percent of the PEG in solution equals 4%. This mixture is stirred using a magnetic
stirrer for 15-30 mins and is ready to use. This ink was further colorized with a dye to make
it visible during the microfluidic flushing. This ink formed the microfluidic channel after
flushing.
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A.4 Sample preparation and other techniques
A.4.1 Hydrophilic treatment of substrates
In order to make substrates hydrophilic (contact angle ≈ 0˚), the samples were first
pre-cleaned with solutions of Acetone, de-ionized water and Isopropyl alcohol in that order
and then dried with nitrogen. These substrates were then subjected to sonication in ethanol
for 15 mins before loading into the plasma chamber. The Oxygen-Argon plasma was run
using the conditions mentioned earlier for 30 seconds per substrate. This helped keep the
substrates hydrophilic for about 20 mins before hydrocarbon contamination began to appear.
A.4.2 Hydrophobic treatment of substrates
To make a substrate hydrophobic, first the samples were subjected to the hydrophilic
treatment. Following this the substrates were dipped in a two ounce beaker containing
about 10 ml of toluene such that the substrates were completely immersed in the solution.
To this solution, 0.95 ml of methyltrichlorosilane and 0.25 ml of HCl were added in that
order and gently stirred without disturbing the substrates. This setup was allowed to sit
for 4-6 hours following which the samples were rinsed in toluene and dried using Nitrogen.
Note that the side of the substrate exposed to the solution gets sensitized the most. So care
must be taken to ensure that the desired face of the substrate is facing up and exposed to
the solution.
A.4.3 Contact angle measurement
This procedure is also explained in the appendix A.1.1 under ‘in-house goniometer’. The
droplet whose contact angle was to be measured was dispensed onto the desired substrate.
The dino-lite microscope was mounted horizontally, such that the base of the substrate was
parallel in the field of view without any tilt. For example, when set-up correctly, when looking
at a glass slide, only the edge of the slide was seen and not the surface. A backlight source
can be added if needed to achieve contrast between the droplet and the substrate. An image
of the droplet was captured using the DinoXcope software. The angle between the droplet
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and the substrate was then measured with the help of an image processing software such
as ImageJ/ Fuji. Multiple measurements were taken in order to capture the measurement
error.
A.4.4 Temperature dependence of surface tension
Two techniques were implemented to measure the surface tension dependence of a fluid
on temperature: Capillary rise method and Eotvos-Ramsay-Shield model. The temperature
dependence of surface tension was required in order to accurately predict the Marangoni
flows in the COMSOL Multiphysics model.
A.4.4.1 Capillary rise method
A capillary tube of diameter 0.68 mm was used to measure the capillary rise of the
liquid column in a fluid bath. This surface tension measurement was repeated at different
temperatures of the fluid and a plot for temperature vs. surface tension gave the surface
tension dependence of the fluid with temperature. The equation for surface tension using
capillary rise method is given by:
γ =
r · h · ρ · g
2 · cosθ
Here, ‘γ’ is the surface tension in N
m
, ‘h’ is the height of the rise of the fluid in the capillary
tube [m], ‘ρ‘ is the density of the fluid kg
m3
, ‘g’ is the acceleration due to gravity m
s2
, and ‘θ’
is the angle between the liquid meniscus and the capillary tube [˚].
A.4.4.2 Eotvos-Ramsay-Shield model
The Eotvos model allows prediction of temperature dependence of surface tension of any
fluid as long as the density, molar mass and critical temperature of the fluid are known. The
rule is given as follows:
γ · V
2
3 = k · (Tc − 6K − T )
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Here, ‘γ‘ is the surface tension in N
m
, ’V ’ is the molar mass m
3
mol
, ‘k’ is the Eotvos constant




], and ‘Tc’ is the critical temperature of the fluid
of interest [K].
The Eotvos rule was used for ethylamine but not for ammonium hydroxide as it does
not predict the temperature dependence of this particular fluid accurately. For ammonium
hydroxide, the capillary rise method had been used.
A.4.5 Microfluidic flushing technique
An OB1 MK3 digital pressure controller was used to supply pressure and control the flow
rates of the fluids. The pressure controller had two pressure outlets through which this was
done. Four holes were punched for two inlets and two outlets of the microfluidic device using
a 1.5 mm diameter biopsy punch. Two salt solutions that were colorized using a red and
blue dye were then fed through 1.6 mm diameter tubes into the inlets of the microfluidic
device simultaneously. The mixed salt solutions were then extracted through similar 1.6
mm diameter tubes and flown into a drain. After mixing, the device was flushed with clear
de-ionized water solution for about 5-10 minutes to clean the tubes and microfluidic device
of any contaminants. The glass substrate containing the microfluidic mixer device was setup
on a hot plate set to 60 ˚C in order to melt the PEG initially so it could be flushed away
forming the microfluidic channel.
A.4.6 Silver spiral liftoff-technique
Copper pads were fabricated by e-beam evaporation of 10/100 nm of Cr/Cu onto a 110
µm polyethylene substrate. Next, a layer of nitrocellulose was deposited onto a 25 mm × 50
mm glass slide using a VTC 100 vacuum spin coater. Two 30-second ramp steps were used
from 500 – 2500 rpm increasing 2000 rpm/step. The copper-coated polymer pads were then
peeled from the polyethylene carrier using tweezers and imbedded in nitrocellulose matrix
approximately 10 mm apart with the top surface of the copper pad just barely above the
nitrocellulose. This small distance reduced the thickness of the Ag ink needed to bridge
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the copper/nitrocellulose vertical gap. The substrate was left to dry at room temperature
(˜27˚C) for 60 – 80 minutes.
To fabricate the stretchable interconnect, Walker’s ink diluted with ethanol 10:1 by vol-
ume was used. This was to I crease the jetting stability of the droplets, to reduce the
thickness of each printed layer while creating a more-dense silver structure.
Devices were printed using the Microfab Jetlab II Drop-on-Demand printing system.
Drop formation, droplet velocity, droplet diameter, and drop angle were monitored using
the system’s camera and strobe. For jetting, a MJ-ATP-01 piezoelectric nozzle with 60 µm
orifice, coated with diamond-like carbon to reduce wetting at the orifice, was used. Print
parameters were optimized to minimize satellite droplet formation as mentioned before. The
print stage was maintained at 90˚C during printing to improve electrical and mechanical
performance of the printed silver interconnects; with the print stage at 90˚C, the measured
temperature using a K- type thermocouple of the substrate surface was 72˚C. The spiral
was printed with 500 passes of a 10:1 – EtOH:Ag Ink to ensure adequate mechanical strength
during liftoff. 30 layers of triangular pads are then printed with a 1:1 – EtOH:Ag Ink at the
interface between the copper bonding pads and the spiral to increase its robustness at this
critical interface. The printed device is then dipped in an acetone bath for 5 – 7 hours to
dissolve the nitrocellulose, leaving behind a free-standing, stretchable interconnect between
the two copper pads.
Thin copper pads were used as bonding pads for the interconnect and a layer of nitro-
cellulose (red nail polish) was used as a sacrificial layer so that a free-standing interconnect
could be fabricated. It was important to use a bonding pad that was thin relative to the
thickness of the dissolvable nitrocellulose layer. If the pads are thick, then there is a signifi-
cant step-like region created at the bonding pad – nitrocellulose interface thus leading to the
creation of a weak point during liftoff. Copper pads which are as thin as possible are thus
desired since after the dissolution of nitrocellulose, the step in the interface becomes more
prominent thus increasing the chances of failure during liftoff of the interconnect.
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A.4.7 Adhesion peel test rig
A custom peel test rig was used to clamp the tape at 180˚ to the testing load cell. Metal
clamps were used to pin the sample to the holder so that the entire setup remained rigid and
in-line to the peel tester at all times. The ITO/Si sample was mounted onto a glass slide to
prevent the more fragile Si from cracking due to the pressure from the clamps. This entire
setup was mounted on vertical rods such that the sample aligned perfectly with the load cell.
One end of the masking tape was applied onto the Ag/ITO/Si interface using the metallic
roller while the other end was clamped by means of the load cell arm. During testing, the
load cell pulled the vertical arm of the peel tester downwards so that the tape peeled of
the substrate at 180˚ and the Load vs. Extension curve was recorded. The magnitude of
the loads and also the peaks or dips in these loads gave insight into the nature of adhesive




B.1 Code for Walker’s ink simulation




% Model exported on Oct 22 2019 , 14 :19 by COMSOL 5 . 4 . 0 . 2 4 6 .
import com . comsol . model .∗
import com . comsol . model . u t i l .∗
model = ModelUti l . c r e a t e ( 'Model ' ) ;
model . modelPath ( ' /Users /equipment−d s c f t i r t g a /Documents/Users /Avinash
Mamidanna/COMSOL/COMSOL f i l e s / K ine t i c sThe s i s ' ) ;
model . l a b e l ( 'DE−015−EvapModel Thesis v45a−WalkersInk v2 .mph ' ) ;
model . comments ( [ ' un t i t l e d \n\n ' ] ) ;
model . param . group . c r e a t e ( ' par10 ' ) ;
model . param( ' par10 ' ) . s e t ( 'E a W ' , ' 86 .23 [ kJ/mol ] ' ) ;
model . param( ' par10 ' ) . s e t ( 'n W ' , ' 1 .56 ' , 'Order o f r e a c t i on o f Walker ' ' s
ink ' ) ;
model . param( ' par10 ' ) . s e t ( 'k W ' , ' 5 .9 e−4 [ 1 / (M∗ s ) ] ' ) ;
model . param( ' par10 ' ) . s e t ( ' c p r e c i p i t a t i o n ' , ' 5 . 8 7 [M] ' , 'Ammonia
concent ra t i on at which p r e c i p i t a t i o n occurs ' ) ;
model . param( ' par10 ' ) . s e t ( 'AW ' , ' 3 .399 e9 [ 1 / (M∗ s ) ] ' , 'Pre−exponent i a l
f a c t o r ' ) ;
model . param( ' par10 ' ) . s e t ( ' c p r e c ip i t a t i on W ' , ' 5 . 8 7 [M] ' , 'Ammonia
concent ra t i on at which p r e c i p i t a t i o n occurs ' ) ;
model . param( ' par10 ' ) . s e t ( ' r r In s t an taneou s ' , ' 13.3004 e3 /2 ' , '
Ins tantaneous r e a c t i on ra t e at which s i l v e r p r e c i p i t a t e s immediately
' ) ;
model . param( ' par10 ' ) . s e t ( 'E a G ' , ' 104 .19 [ kJ/mol ] ' ) ;
model . param( ' par10 ' ) . s e t ( 'n G ' , ' 1 .77 ' ) ;
model . param( ' par10 ' ) . s e t ( 'k G ' , ' 2 .83 e−3 [ 1 / (M∗ s ) ] ' ) ;
model . param( ' par10 ' ) . s e t ( 'A G ' , ' 7 .433 e12 [ 1 / (M∗ s ) ] ' ) ;
model . param( ' par10 ' ) . s e t ( ' c p r e c i p i t a t i o n G ' , ' 5 .17 [M] ' ) ;
model . param . s e t ( ' ang l e con ta c t ' , ' 75 [ deg ] ' , 'Contact o f d rop l e t on
sub s t r a t e ' ) ;
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model . param . s e t ( ' r ad i u s d r op l e t ' , [ ' 22 .5 [ ' nat ive2un icode ( hex2dec ({ ' 00
' 'b5 ' }) , ' unicode ' ) 'm] ' ] , 'Radius o f unimpinge d rop l e t ' ) ;
model . param . s e t ( ' vo lume drop let ' , ' (4/3) ∗ pi ∗( r a d i u s d r op l e t ˆ3) ' , '
Droplet volume unimpinged ' ) ;
model . param . s e t ( ' rad ius impingedDrop le t ' , ' ( (3/ p i ) ∗ vo lume drop let
∗ (1/(2 − 3∗ cos ( ang l e con ta c t ) + ( cos ( ang l e con ta c t ) ) ˆ3) ) ) ˆ(1/3) ' , '
Radius o f impinged drop l e t ' ) ;
model . param . s e t ( ' s u r f a r e a ' , ' (2∗ pi ∗ rad ius impingedDrop le t ∗
rad ius impingedDrop le t ) /(1+ cos ( ang l e con ta c t ) ) ' , ' Sur face area o f
s e s s i l e d rop l e t ' ) ;
model . param . s e t ( ' h e i g h t Sh i f t z ' , ' rad ius impingedDrop le t ∗ cos (
ang l e con ta c t ) ' , ' Sh i f t in z d i r e c t i o n o f d rop l e t f o r geometry ' ) ;
model . param . s e t ( 'T sub ' , ' 353 [K] ' , ' Substrate temperature ' ) ;
model . param . s e t ( 'T amb ' , ' 298 [K] ' , 'Ambient temeprature ' ) ;
model . param . s e t ( ' alpha ' , ' 0 .01 ' , ' Input f o r c a l c u l a t i n g constant heat
t r a n s f e r c o e f i c i e n t ' ) ;
model . param . s e t ( 'R uni ' , ' 8 .314 [ J/mol/K] ' , ' Univer sa l gas constant ' ) ;
model . param . s e t ( 'M a ' , ' 29 [ g/mol ] ' , 'MW of a i r ' ) ;
model . param . s e t ( 'R g ' , 'R uni/M a ' , ' S p e c i f i c gas constant ' ) ;
model . param . s e t ( ' v g ' , ' 1 .24 [mˆ3/kg ] ' , 'Water vapor s p e c i f i c volume ' ) ;
model . param . s e t ( ' T sa t r e f ' , ' 373 [K] ' , 'Water vapor s a tu r a t i on
temperature ' ) ;
model . param . s e t ( ' h fg ' , ' 2264760 [ J/kg ] ' , ' Latent heat o f vapo r i z a t i on '
) ;
model . param . s e t ( ' h i ' , ' ( (2∗ alpha ∗ h fg ∗ h fg ) ) /((2− alpha ) ∗( v g ∗T sa t r e f
) ∗( s q r t (2∗ pi ∗R g∗T sa t r e f ) ) ) ' , 'Heat t r a n s f e r c o e f f i c i e n t ac ro s L/V
i n t e r f a c e from l i t e r a t u r e ' ) ;
model . param . s e t ( 'M w ' , ' 18 [ g/mol ] ' , 'Mol . wt . o f water ' ) ;
model . param . s e t ( 'D wa ' , ' 2 .61 e−5 [mˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
water in a i r ' ) ;
model . param . s e t ( ' a ' , ' 1 ' , 'Accumulation f a c t o r ' ) ;
model . param . s e t ( ' vo l d r op l e t ' , ' ( p i ∗ ( ( rad ius impingedDrop le t ) ˆ(3) ) )
∗ ( ( ( ( cos ( ang l e con ta c t ) ) ˆ(3) )−(3∗ cos ( ang l e con ta c t ) )+2) /(3∗ ( s i n (
ang l e con ta c t ) ) ˆ(3) ) ) ' , 'Volume o f s e s s i l e d rop l e t ' ) ;
model . param . s e t ( 'BL ' , [ ' 10 [ ' nat ive2un icode ( hex2dec ({ ' 00 ' 'b5 ' }) , '
unicode ' ) 'm] ' ] , 'Constant f o r BL mesh ana lysys ' ) ;
model . param . s e t ( ' e lements ' , ' 5 ' , 'No . o f mesh e lements f o r BL th i ckne s s
a n a l y s i s ' ) ;
model . param . s e t ( 'MaxElementSize ' , 'BL/ elements ' , 'Max. element s i z e
c a l c u l a t i o n or BL mesh ' ) ;
model . param . s e t ( ' p sa t ' , ' ( 610 . 7 [ Pa ] ) ∗10ˆ (7 . 5∗ ( ( T lv −273.15[K] ) /( T lv
−35.85[K] ) ) ) ' , ' Saturat ion p r e s su r e at LV i n t e r f a c e ' ) ;
model . param . s e t ( ' c s a t ' , ' p sa t /( R uni ∗327 . 18 [K] ) ' , ' Saturat ion
concent ra t i on at LV i n t e r f a c e ' ) ;
model . param . s e t ( 'D ww ' , ' 2 .57 e−5[cmˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
water in water ' ) ;
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model . param . s e t ( ' T lv ' , ' 327 . 1 8 [K] ' , ' Steady s t a t e average temp at LV
i n t e r a f c e ' ) ;
model . param . s e t ( ' Beta a i r ' , ' 1/T amb ' , 'Thermal expansion c o e f f i c i e n t
o f a i r ' ) ;
model . param . s e t ( ' J w ' , ' −9.618e−4[mol∗mˆ−2∗ s ˆ−1]∗(D wa) ∗(M w) ' ) ;
model . param . s e t ( 'D aa ' , ' 0 .157 [ cmˆ2/ s ] ' , ' Se l f−d i f f u s i o n c o e f f i c i e n t
o f a i r ' ) ;
model . param . s e t ( ' p sat2 ' , ' ( 610 . 7 [ Pa ] ) ∗10ˆ (7 . 5∗ ( (T amb−273.15[K] ) /(
T amb−35.85[K] ) ) ) ' , ' Saturat ion vapor p r e s su r e at ambient
temperature ' ) ;
model . param . s e t ( 'H ' , ' 0 .2 ' , ' Re la t i v e humidity ' ) ;
model . param . s e t ( ' c i n f ' , ' ( p sa t2 ∗H) /( R const ∗T amb) ' , 'Water vapor
concent ra t i on at i n f i n i t y ' ) ;
model . param . s e t ( 'b ' , ' 610 .7 [ Pa ] ' , 'Constant f o r c a l c u l a t i n g s a tu r a t i on
pr e s su r e ' ) ;
model . param . s e t ( 'D AHa ' , ' 0 .259 [ cmˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
Ammonium Hydroxide in a i r ' ) ;
model . param . s e t ( 'D AHw ' , ' 6 .93 e−5 [ cmˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
Ammonium Hydroxide in water ' ) ;
model . param . s e t ( 'D FAa ' , ' 0 .079 [ cmˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
Formic ac id in a i r ' ) ;
model . param . s e t ( 'D FAw ' , ' 1 .4 e−6 [ cmˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
Formic ac id in water ' ) ;
model . param . s e t ( ' delH vap AH ' , ' 605.384 [ kJ/kg ] ' , 'Enthalpy o f
vapo r i z a t i on o f Formic ac id ' ) ;
model . param . s e t ( ' delH vap FA ' , ' 501.846 [ kJ/kg ] ' , 'Enthalpy o f
vapo r i z a t i on o f Ammonium Hydroxide ' ) ;
model . param . group . c r e a t e ( ' par2 ' ) ;
model . param( ' par2 ' ) . s e t ( 'L ' , ' 10∗ rad ius impingedDrop le t ' , 'Length o f
a i r domain ' ) ;
model . param( ' par2 ' ) . s e t ( 'W' , 'L/2 ' , 'Volume th i c kne s s ' ) ;
model . param( ' par2 ' ) . s e t ( 'DeltaT ' , ' 55 [K] ' , 'Temperature d i f f e r e n c e
between wa l l s ' ) ;
model . param( ' par2 ' ) . s e t ( 'Tc ' , ' 298 [K] ' , 'Temperature o f co ld wa l l ' ) ;
model . param( ' par2 ' ) . s e t ( 'Th ' , 'Tc+DeltaT ' , 'Temperature o f hot wa l l ' ) ;
model . param( ' par2 ' ) . s e t ( 'T avg ' , ' (Tc+Th) /2 ' , 'Average temperature
approximation ' ) ;
model . param( ' par2 ' ) . s e t ( ' p r e f ' , ' 1 [ atm ] ' , ' Reference p r e s su r e ' ) ;
model . param( ' par2 ' ) . s e t ( 'p0 ' , ' 0 [ Pa ] ' , ' Re la t i v e p r e s su r e c on s t r a i n t ' )
;
model . param( ' par2 ' ) . s e t ( ' d t r an g e s t a r t ' , '−2 ' , [ 'Range s t a r t po int t
o f the parametr ic \ rsweep on DeltaT ( log10 o f the value in K) ' ] ) ;
model . param( ' par2 ' ) . s e t ( ' dt range s t op ' , ' 1 ' , 'Range end po int o f the
parametr ic sweep o f DeltaT ' ) ;
model . param( ' par2 ' ) . s e t ( ' r h o a i r ' , ' 1 .225 [ kg/mˆ3 ] ' , ' Density at T avg
at 1 atm ' ) ;
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model . param( ' par2 ' ) . s e t ( 'mu ' , ' 1 .789 e−5[N∗ s /mˆ2 ] ' , 'Dynamic v i s c o s i t y
at T avg ' ) ;
model . param( ' par2 ' ) . s e t ( 'k ' , ' 0.02537 [W/(m∗K) ] ' , 'Thermal conduc t i v i t y
at T avg ' ) ;
model . param( ' par2 ' ) . s e t ( 'Cp ' , ' 1 .005 [ kJ /( kg∗K) ] ' , 'Heat capac i ty at
T avg ' ) ;
model . param( ' par2 ' ) . s e t ( ' alpha1 ' , ' 1/T avg ' , ' Co e f f i c i e n t o f therml
expansion at T avg ' ) ;
model . param( ' par2 ' ) . s e t ( 'U0 ' , ' s q r t ( g cons t ∗ alpha1 ∗DeltaT∗L) ' , ' Typica l
v e l o c i t y due to boyancy ' ) ;
model . param( ' par2 ' ) . s e t ( 'Pr ' , ' (mu∗Cp) /k ' , ' Prandtl number ' ) ;
model . param( ' par2 ' ) . s e t ( 'U1 ' , ' (U0) /( sq r t (Pr ) ) ' , ' Ve loc i ty due to
buoyancy account ing f o r l im i t i n g e f f e c t o f v i s c ou s f o r c e s on
buoyancy ' ) ;
model . param( ' par2 ' ) . s e t ( 'Gr ' , ' (U0∗ r h o a i r ∗L/mu) ˆ2 ' , 'Grashof number ' ) ;
model . param( ' par2 ' ) . s e t ( 'Ra ' , 'Pr∗Gr ' , ' Rayle igh number ' ) ;
model . param( ' par2 ' ) . s e t ( ' ep s t ' , 'L/(Pr∗Ra) ˆ0 .25 ' , 'Thermal boundary
l ay e r th i c kne s s ' ) ;
model . param( ' par2 ' ) . s e t ( ' ep s s ' , ' ep s t ∗ s q r t (Pr ) ' , ' Shear l ay e r
th i c kne s s ' ) ;
model . param . group . c r e a t e ( ' par3 ' ) ;
model . param( ' par3 ' ) . s e t ( 'gamma ' , ' 1 .7 e−4 [N/(m∗K) ] ' , 'Temperature
dependance o f water s u r f a c e t en s i on ' ) ;
model . param( ' par3 ' ) . s e t ( 'DeltaT1 ' , 'DeltaT ' , 'Temperature d i f f e r e n c e
a c r o s s l ength s c a l e ' ) ;
model . param( ' par3 ' ) . s e t ( ' rho water ' , ' 1000 [ kg/mˆ3 ] ' , ' Density o f water
' ) ;
model . param( ' par3 ' ) . s e t ( 'L1 ' , ' rad ius impingedDrop le t ' , 'Length s c a l e ' )
;
model . param( ' par3 ' ) . s e t ( ' U est ' , ' s q r t ( (gamma∗DeltaT1 ) /( rho water ∗L1) ) '
) ;
model . param . group . c r e a t e ( ' par4 ' ) ;
model . param( ' par4 ' ) . s e t ( ' U air ' , ' 2e−4 [m/ s ] ' , 'Max. v e l o c i t y in the
a i r domain ' ) ;
model . param( ' par4 ' ) . s e t ( ' Pe a i r ' , ' (L∗U air ) /D aa ' , 'Pe<<1 , Mass
t ranspor t due to d i f f u s i o n dominates ' ) ;
model . param . group . c r e a t e ( ' par5 ' ) ;
model . param( ' par5 ' ) . s e t ( ' U droplet ' , ' 1 .12 [m/ s ] ' , 'Max. v e l o c i t y in
d rop l e t domain ' ) ;
model . param( ' par5 ' ) . s e t ( ' Pe drop l e t ' , ' (L1∗U droplet ) /D ww ' , 'Pe>>1,
Mass t ranspor t due to convect ion dominates ' ) ;
model . param . group . c r e a t e ( ' par6 ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma1 ' , ' −0.1514e−3 [N/(m∗K) ] ' , 'Marangoni
constant 1 from l i t e r a t u r e ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma2 ' , ' 0.11716 [N/m] ' , 'Marangoni constant
2 from l i t e r a t u r e ' ) ;
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model . param( ' par6 ' ) . s e t ( 'gamma3 ' , ' −0.165e−3 [N/(m∗K) ] ' , 'Marangoni
constant 1 from Capi l la ryRiseExpt ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma4 ' , ' 0.12964 [N/m] ' , 'Marangoni constant
2 from Capi l la ryRiseExpt − Water ' ) ;
model . param( ' par6 ' ) . s e t ( ' g5 ' , ' −1.2398E−6[N/(m∗Kˆ2) ] ' ) ;
model . param( ' par6 ' ) . s e t ( ' g6 ' , ' 6 .2491E−4[N/(m∗K) ] ' ) ;
model . param( ' par6 ' ) . s e t ( ' g7 ' , ' 4 .0083 e−3[N/m] ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma5 ' , ' −0.142e−3 [N/(m∗K) ] ' , 'Marangoni
constant 1 from Capi l la ryRiseExpt − Water ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma6 ' , ' 0.10668 [N/m] ' , 'Marangoni constant
2 from Capi l la ryRiseExpt − AmmoniumHydroxide ' ) ;
model . param . group . c r e a t e ( ' par7 ' ) ;
model . param( ' par7 ' ) . s e t ( 'Awater ' , ' 8.071+2.124903 ' , 'Convert to Pa ' ) ;
model . param( ' par7 ' ) . s e t ( 'Bwater ' , ' 1730.63 ' ) ;
model . param( ' par7 ' ) . s e t ( 'Cwater ' , ' 233.426−273 ' , 'Convert to K ' ) ;
model . param( ' par7 ' ) . s e t ( 'AAmmoniumHydroxide ' , ' 6.457+2.124903 ' , '
Convert to Pa ' ) ;
model . param( ' par7 ' ) . s e t ( 'BAmmoniumHydroxide ' , ' 805.049 ' ) ;
model . param( ' par7 ' ) . s e t ( 'CAmmoniumHydroxide ' , ' 228.117−273 ' , 'Convert
to K ' ) ;
model . param( ' par7 ' ) . s e t ( 'AFormicAcid ' , ' 7.3779+2.124903 ' , 'Convert To
Pa ' ) ;
model . param( ' par7 ' ) . s e t ( 'BFormicAcid ' , ' 1563.28 ' ) ;
model . param( ' par7 ' ) . s e t ( 'CFormicAcid ' , ' 247.07−273 ' , 'Convert to K ' ) ;
model . param . group . c r e a t e ( ' par8 ' ) ;
model . param( ' par8 ' ) . s e t ( 'MWA ' , ' 17 .031 [ g/mol ] ' , ' Molecular weight o f
ammonia ' ) ;
model . param( ' par8 ' ) . s e t ( ' rho A ' , ' 0 .73 [ g/ml ] ' , ' Density o f ammonia ' ) ;
model . param( ' par8 ' ) . s e t ( 'MWA1 ' , 'MWA/( rho A ∗1000) [ ml/mol ] ' ) ;
model . param( ' par8 ' ) . s e t ( ' v ink ' , ' 5 .4 [ ml ] ' , ' Total volume o f ink ' ) ;
model . param( ' par8 ' ) . s e t ( ' v ammonia ' , ' 5∗0 .3 [ ml ] ' , 'Volume o f ammonia
in ink (30 % in water−5 ml ) ' ) ;
model . param( ' par8 ' ) . s e t ( ' c A drop l e t ' , ' ( v ammonia [ ml ] / ( v ink [ ml ]∗
MWA1) ) ∗1 [mol/L ] ' , ' Concnetrat ion o f ammonia in d rop l e t ' ) ;
model . param( ' par8 ' ) . s e t ( 'MWFA ' , ' 46 .03 [ g/mol ] ' , ' Molecular weight o f
Formic ac id ' ) ;
model . param( ' par8 ' ) . s e t ( ' rho FA ' , ' 1 .22 [ g/ml ] ' , ' Density o f Formic
ac id ' ) ;
model . param( ' par8 ' ) . s e t ( 'MWFA1 ' , 'MWFA/( rho FA ∗1000) [ ml/mol ] ' ) ;
model . param( ' par8 ' ) . s e t ( 'v FA ' , ' 0 .4 [ ml ] ' , 'Volume o f Formic ac id in
the ink ' ) ;
model . param( ' par8 ' ) . s e t ( ' c FA droplet ' , ' (v FA [ml ] / ( v ink [ ml ]∗MWFA1)
) ∗1 [mol/L ] ' , ' Concentrat ion o f Formic ac id in d rop l e t ' ) ;
model . param( ' par8 ' ) . s e t ( 'M c ' , ' 2∗ s q r t (D AHa/( p i ∗ 0 . 2 [ s ] ) ) ' ) ;
model . param( ' par8 ' ) . s e t ( ' p s a t I n i t i a l ' , ' ( 610 . 7 [ Pa ] ) ∗10ˆ (7 . 5∗ ( (T amb
−273.15[K] ) /(T amb−35.85[K] ) ) ) ' ) ;
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model . param( ' par8 ' ) . s e t ( ' c s a t I n i t i a l ' , ' ( p s a t I n i t i a l ∗H) /( R const ∗T amb)
' ) ;
model . param . group . c r e a t e ( ' par9 ' ) ;
model . param( ' par9 ' ) . s e t ( ' BL th ickness v ' , [ ' 5 [ ' nat ive2un icode ( hex2dec
({ ' 00 ' 'b5 ' }) , ' unicode ' ) 'm] ' ] , 'Varying boundary l ay e r th i c kne s s
f o r parametr ic sweep ' ) ;
model . param( ' par9 ' ) . s e t ( ' e l ement s pe r BL th i ckne s s v ' , ' 5 ' , 'Number o f
e lements per boundary l ay e r ' ) ;
model . param( ' par9 ' ) . s e t ( ' max e l ement s i ze v ' , ' BL th ickness v /
e l ement s pe r BL th i ckne s s v ' , 'Max element s i z e f o r v e l o c i t y
boundary l ay e r ' ) ;
model . param( ' par9 ' ) . s e t ( ' BL th i ckne s s f ' , [ ' 5 [ ' nat ive2un icode ( hex2dec
({ ' 00 ' 'b5 ' }) , ' unicode ' ) 'm] ' ] , ' Fixed boundary l ay e r th i c kne s s f o r
parametr ic sweep ' ) ;
model . param( ' par9 ' ) . s e t ( ' e l emen t s p e r BL th i ckne s s f ' , ' 16 ' ) ;
model . param( ' par9 ' ) . s e t ( ' max e l ement s i z e f ' , ' BL th i ckne s s f /
e l emen t s p e r BL th i ckne s s f ' ) ;
model . param( ' par10 ' ) . l a b e l ( ' React i onKine t i c s ' ) ;
model . param . l a b e l ( ' General parameters ' ) ;
model . param( ' par2 ' ) . l a b e l ( 'Flow i nd i c a t o r s − Air domain ' ) ;
model . param( ' par3 ' ) . l a b e l ( 'Flow i nd i c a t o r s − Droplet domain ' ) ;
model . param( ' par4 ' ) . l a b e l ( ' Di f f u s i on type i nd i c a t o r − Air domain ' ) ;
model . param( ' par5 ' ) . l a b e l ( ' Di f f u s i on typ i nd i c a t o r − Droplet domain ' ) ;
model . param( ' par6 ' ) . l a b e l ( 'MarangoniParameters ' ) ;
model . param( ' par7 ' ) . l a b e l ( 'Antoine cons tant s ' ) ;
model . param( ' par8 ' ) . l a b e l ( ' Conc en t r a t i on In i t i a lCond i t i on s ' ) ;
model . param( ' par9 ' ) . l a b e l ( 'MeshConvergenceStudy ' ) ;
model . component . c r e a t e ( ' comp1 ' , t rue ) ;
model . component ( ' comp1 ' ) . geom . c r e a t e ( 'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . setGroupByType ( t rue ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 1 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' ev l3 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 2 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 3 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 4 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 5 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 6 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 7 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' ev l2 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 8 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 9 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l10 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l11 ' , 'Table ' ) ;
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model . r e s u l t . t ab l e . c r e a t e ( ' tb l12 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l13 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l14 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l15 ' , 'Table ' ) ;
model . func . c r e a t e ( ' an7 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an8 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an9 ' , ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . func . c r e a t e ( ' an2 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an3 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an4 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an5 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an6 ' , ' Analyt i c ' ) ;
model . func ( ' an7 ' ) . l a b e l ( 'ReactionRate − Thermal ' ) ;
model . func ( ' an7 ' ) . s e t ( ' funcname ' , ' rrW thermal ' ) ;
model . func ( ' an7 ' ) . s e t ( ' expr ' , 'AW∗( exp(−(E a W) /( R const ∗T) ) ) ∗ ( ( c AH d
) ˆn W) ' ) ;
model . func ( ' an7 ' ) . s e t ( ' args ' , { 'T ' ' c AH d ' }) ;
model . func ( ' an7 ' ) . s e t ( ' argun i t ' , 'K, mol/mˆ3 ' ) ;
model . func ( ' an7 ' ) . s e t ( ' funun i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . func ( ' an7 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' ; ' c AH d ' ' 0 ' ' 1 ' }) ;
model . func ( ' an8 ' ) . l a b e l ( 'ReactionRate − Pr e c i p i t a t i o n ' ) ;
model . func ( ' an8 ' ) . s e t ( ' funcname ' , ' r rW pre c ip i t a t i on ' ) ;
model . func ( ' an8 ' ) . s e t ( ' expr ' , ' i f ( c AH d>c p r e c i p i t a t i o n , 0 ,
r r I n s t an taneou s ) ' ) ;
model . func ( ' an8 ' ) . s e t ( ' args ' , { 'T ' ' c AH d ' }) ;
model . func ( ' an8 ' ) . s e t ( ' argun i t ' , 'K, mol/mˆ3 ' ) ;
model . func ( ' an8 ' ) . s e t ( ' funun i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . func ( ' an8 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' ; ' c AH d ' ' 0 ' ' 1 ' }) ;
model . func ( ' an9 ' ) . l a b e l ( ' Reaction Rate − Total ' ) ;
model . func ( ' an9 ' ) . s e t ( ' funcname ' , ' r rW tota l ' ) ;
model . func ( ' an9 ' ) . s e t ( ' expr ' , ' (AW∗( exp(−(E a W) /( R const ∗T) ) ) ∗ ( (
c AH d ) ˆn W) )+( i f ( c AH d>c p r e c i p i t a t i o n , 0 , r r I n s t an taneou s ) ) ' ) ;
model . func ( ' an9 ' ) . s e t ( ' args ' , { 'T ' ' c AH d ' }) ;
model . func ( ' an9 ' ) . s e t ( ' argun i t ' , 'K, mol/mˆ3 ' ) ;
model . func ( ' an9 ' ) . s e t ( ' funun i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . func ( ' an9 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' ; ' c AH d ' ' 0 ' ' 1 ' }) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . s e t ( ' expr ' , ' ( ( b) ∗10ˆ (7 . 5∗ ( (T
−273.15) /(T−35.85) ) ) ∗H) /( R const ∗T) ' ) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . s e t ( ' funun i t ' , 'mol/mˆ3 ' ) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . func ( ' an3 ' ) . l a b e l ( ' Saturat ionPres sure−Ammonia ' ) ;
model . func ( ' an3 ' ) . s e t ( ' funcname ' , 'psatAH ' ) ;
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model . func ( ' an3 ' ) . s e t ( ' expr ' , ' 10ˆ(AAmmoniumHydroxide−(
BAmmoniumHydroxide/(CAmmoniumHydroxide+T) ) ) ' ) ;
model . func ( ' an3 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . func ( ' an3 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . func ( ' an3 ' ) . s e t ( ' funun i t ' , 'Pa ' ) ;
model . func ( ' an3 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . func ( ' an4 ' ) . l a b e l ( ' Saturat ionConcentrat ion−Ammonia ' ) ;
model . func ( ' an4 ' ) . s e t ( ' funcname ' , ' csatAH ' ) ;
model . func ( ' an4 ' ) . s e t ( ' expr ' , ' ( psatAH(T) ∗H) /( R const ∗T) ' ) ;
model . func ( ' an4 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . func ( ' an4 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . func ( ' an4 ' ) . s e t ( ' funun i t ' , 'mol/mˆ3 ' ) ;
model . func ( ' an4 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . func ( ' an5 ' ) . l a b e l ( ' Saturat ionPres sure−FormicAcid ' ) ;
model . func ( ' an5 ' ) . s e t ( ' funcname ' , 'psatFA ' ) ;
model . func ( ' an5 ' ) . s e t ( ' expr ' , ' 10ˆ(AFormicAcid−(BFormicAcid /(
CFormicAcid+T) ) ) ' ) ;
model . func ( ' an5 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . func ( ' an5 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . func ( ' an5 ' ) . s e t ( ' funun i t ' , 'Pa ' ) ;
model . func ( ' an5 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . func ( ' an6 ' ) . l a b e l ( ' Saturat ionConcentrat ion−FormicAcid ' ) ;
model . func ( ' an6 ' ) . s e t ( ' funcname ' , ' csatFA ' ) ;
model . func ( ' an6 ' ) . s e t ( ' expr ' , ' ( psatFA (T) ∗H) /( R const ∗T) ' ) ;
model . func ( ' an6 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . func ( ' an6 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . func ( ' an6 ' ) . s e t ( ' funun i t ' , 'mol/mˆ3 ' ) ;
model . func ( ' an6 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . axisymmetric ( t rue ) ;
model . component ( ' comp1 ' ) . mesh . c r e a t e ( 'mesh1 ' ) ;
model . component ( ' comp1 ' ) . mesh . c r e a t e ( 'mesh2 ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . l engthUnit ( [ nat ive2un icode (
hex2dec ({ ' 00 ' 'b5 ' }) , ' unicode ' ) 'm ' ] ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . c r e a t e ( ' c1 ' , ' Ci r c l e ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' c1 ' ) . l a b e l ( ' c i r c l e ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' c1 ' ) . s e t ( ' pos ' , { ' 0 ' '−
h e i g h t Sh i f t z ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' c1 ' ) . s e t ( ' ro t ' , −90) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' c1 ' ) . s e t ( ' r ' , '
rad ius impingedDrop le t ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' c1 ' ) . s e t ( ' ang le ' , 180) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . c r e a t e ( ' r1 ' , ' Rectangle ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r1 ' ) . l a b e l ( '
r e c t c u tC i r c l e ' ) ;
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model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r1 ' ) . s e t ( ' pos ' , { ' 0 ' '−
rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r1 ' ) . s e t ( ' base ' , '
c en t e r ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r1 ' ) . s e t ( ' s i z e ' , { ' 4∗
rad ius impingedDrop le t ' ' 2∗ rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . c r e a t e ( ' d i f 1 ' , ' Di f f e r e n c e ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' d i f 1 ' ) . s e l e c t i o n ( ' input
' ) . s e t ({ ' c1 ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' d i f 1 ' ) . s e l e c t i o n ( '
input2 ' ) . s e t ({ ' r1 ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . c r e a t e ( ' r2 ' , ' Rectangle ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r2 ' ) . l a b e l ( 'AirDomain ' )
;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r2 ' ) . s e t ( ' s i z e ' , { ' 10∗
rad ius impingedDrop le t ' ' 10∗ rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . c r e a t e ( ' r3 ' , ' Rectangle ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r3 ' ) . l a b e l ( ' Substrate ' )
;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r3 ' ) . s e t ( ' pos ' , { ' 0 ' '
−1∗ rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r3 ' ) . s e t ( ' s i z e ' , { ' 10∗
rad ius impingedDrop le t ' ' 1∗ rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . run ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . run ( ' f i n ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e . c r e a t e ( ' var2 ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e t ( 'mf AH ' , '−( tds .
nt f lux c AH a ) ∗MWA ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e t ( ' h evap AH ' , ' (mf AH∗
delH vap AH ) /( T lv−T amb) ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e t ( 'mf FA ' , '−( tds .
n t f lux c FA a ) ∗MWFA ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e t ( ' h evap FA ' , ' (mf FA∗
delH vap FA ) /( T lv−T amb) ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e l e c t i o n . geom( 'geom1 ' , 1) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . view . c r e a t e ( ' view2 ' , 3) ;
model . view . c r e a t e ( ' view3 ' , 3) ;
model . view . c r e a t e ( ' view4 ' , 3) ;
model . view . c r e a t e ( ' view5 ' , 3) ;
model . view . c r e a t e ( ' view6 ' , 3) ;
model . view . c r e a t e ( ' view7 ' , 2) ;
model . view . c r e a t e ( ' view8 ' , 3) ;
model . view . c r e a t e ( ' view9 ' , 3) ;
model . view . c r e a t e ( ' view10 ' , 3) ;
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model . view . c r e a t e ( ' view11 ' , 3) ;
model . view . c r e a t e ( ' view12 ' , 3) ;
model . component ( ' comp1 ' ) . view . c r e a t e ( ' view13 ' , 'geom1 ' ) ;
model . view . c r e a t e ( ' view14 ' , 3) ;
model . view . c r e a t e ( ' view15 ' , 3) ;
model . view . c r e a t e ( ' view16 ' , 3) ;
model . view . c r e a t e ( ' view17 ' , 3) ;
model . view . c r e a t e ( ' view18 ' , 3) ;
model . view . c r e a t e ( ' view19 ' , 3) ;
model . view . c r e a t e ( ' view20 ' , 3) ;
model . view . c r e a t e ( ' view21 ' , 3) ;
model . view . c r e a t e ( ' view22 ' , 3) ;
model . view . c r e a t e ( ' view23 ' , 3) ;
model . view . c r e a t e ( ' view24 ' , 3) ;
model . view . c r e a t e ( ' view25 ' , 3) ;
model . view . c r e a t e ( ' view26 ' , 3) ;
model . view . c r e a t e ( ' view27 ' , 3) ;
model . view . c r e a t e ( ' view28 ' , 2) ;
model . view . c r e a t e ( ' view29 ' , 3) ;
model . view . c r e a t e ( ' view30 ' , 3) ;
model . view . c r e a t e ( ' view31 ' , 3) ;
model . component ( ' comp1 ' ) . mate r i a l . c r e a t e ( 'mat1 ' , 'Common ' ) ;
model . component ( ' comp1 ' ) . mate r i a l . c r e a t e ( 'mat5 ' , 'Common ' ) ;
model . mate r i a l . c r e a t e ( 'mat3 ' , 'Common ' , ' ' ) ;
model . component ( ' comp1 ' ) . mate r i a l . c r e a t e ( 'mat6 ' , 'Common ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' eta ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( 'Cp ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' rho ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( 'k ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' cs ' , ' I n t e r p o l a t i o n ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' eta ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( 'Cp ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' rho ' , ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( 'k ' , ' Piecewi se ' ) ;
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model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' cs ' , ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' an1 ' , ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' an2 ' , ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup . c r e a t e ( '
NonlinearModel ' , ' Nonl inear model ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func . c r e a t e ( ' eta ' , '
Piecewi se ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func . c r e a t e ( 'Cp ' , '
Piecewi se ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func . c r e a t e ( ' rho ' , '
Analyt i c ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func . c r e a t e ( 'k ' , ' Piecewi se
' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func . c r e a t e ( ' cs ' , ' Analyt i c
' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup . c r e a t e ( ' Ref rac t i ve Index ' , '
Re f r a c t i v e index ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'maxop1 ' , 'Maximum ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'maxop2 ' , 'Maximum ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'minop1 ' , 'Minimum ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'minop2 ' , 'Minimum ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( ' aveop1 ' , 'Average ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( ' aveop2 ' , 'Average ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( ' intop1 ' , ' I n t e g r a t i on ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( ' intop2 ' , ' I n t e g r a t i on ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( ' aveop3 ' , 'Average ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'maxop3 ' , 'Maximum ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'minop3 ' , 'Minimum ' ) ;
model . component ( ' comp1 ' ) . cp l ( 'maxop1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . cp l ( 'maxop2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . cp l ( 'minop1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . cp l ( 'minop2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . cp l ( ' intop1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . cp l ( ' intop2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop3 ' ) . s e l e c t i o n . geom( 'geom1 ' , 1) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop3 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . cp l ( 'maxop3 ' ) . s e l e c t i o n . geom( 'geom1 ' , 1) ;
model . component ( ' comp1 ' ) . cp l ( 'maxop3 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . cp l ( 'minop3 ' ) . s e l e c t i o n . geom( 'geom1 ' , 1) ;
model . component ( ' comp1 ' ) . cp l ( 'minop3 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
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model . component ( ' comp1 ' ) . common . c r e a t e ( ' amth ht ' , '
AmbientThermalProperties ' ) ;
model . component ( ' comp1 ' ) . common . c r e a t e ( ' f r e e 1 ' , 'DeformingDomain ' ) ;
model . component ( ' comp1 ' ) . common( ' f r e e 1 ' ) . s e l e c t i o n . a l l ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' ht ' , ' HeatTrans fe r InFlu ids ' , '
geom1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . c r e a t e ( ' temp1 ' , '
TemperatureBoundary ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' temp1 ' ) . s e l e c t i o n . s e t
( [ 4 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . c r e a t e ( ' hf1 ' , 'HeatFluxBoundary '
, 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' sp f ' , 'LaminarFlow ' , 'geom1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . c r e a t e ( ' wal lbc2 ' , 'WallBC ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . f e a t u r e ( ' wal lbc2 ' ) . s e l e c t i o n .
s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . c r e a t e ( ' prpc1 ' , '
Pres surePo intConst ra int ' , 0) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . f e a t u r e ( ' prpc1 ' ) . s e l e c t i o n . s e t
( [ 5 ] ) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' ht2 ' , ' HeatTrans fe r InFlu ids ' ,
'geom1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' temp1 ' , '
TemperatureBoundary ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp1 ' ) . s e l e c t i o n . s e t
( [ 7 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' temp2 ' , '
TemperatureBoundary ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp2 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' hf1 ' , 'HeatFluxBoundary
' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' open1 ' , 'OpenBoundary ' ,
1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' open1 ' ) . s e l e c t i o n . s e t
( [ 9 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' bhs1 ' , '
BoundaryHeatSource ' , 1) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' bhs1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' temp3 ' , '
TemperatureBoundary ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp3 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' sp f2 ' , 'LaminarFlow ' , 'geom1 ' )
;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' e f i 1 ' , '
Ext e rna lF lu i d In t e r f a c e ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' e f i 1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' wal lbc2 ' , 'WallBC ' , 1)
;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' wal lbc2 ' ) . s e l e c t i o n .
s e t ( [ 1 2 3 4 5 8 10 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' open1 ' , 'OpenBoundary '
, 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' open1 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' vf1 ' , 'VolumeForce ' ,
2) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' vf1 ' ) . s e l e c t i o n . s e t
( [ 3 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' out1 ' , 'OutletBoundary
' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' out1 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' f f i 1 ' , '
F lu i dF l u i d I n t e r f a c e ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' tds ' , ' Di lu t edSpec i e s ' , 'geom1
' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f i e l d ( ' concent ra t i on ' ) . f i e l d ( '
c AH a ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f i e l d ( ' concent ra t i on ' ) .
component ({ ' c AH a ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . c r e a t e ( ' conc1 ' , ' Concentrat ion '
, 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . c r e a t e ( ' conc2 ' , ' Concentrat ion '
, 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc2 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . c r e a t e ( ' open1 ' , 'OpenBoundary ' ,
1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' open1 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . c r e a t e ( ' f l 1 ' , 'FluxBoundary ' ,
1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' f l 1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' tds2 ' , ' Di lu t edSpec i e s ' , '
geom1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f i e l d ( ' concent ra t i on ' ) . f i e l d ( '
c AH d ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f i e l d ( ' concent ra t i on ' ) .
component ({ ' c AH d ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . c r e a t e ( ' conc1 ' , ' Concentrat ion
' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' conc1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . c r e a t e ( ' open1 ' , 'OpenBoundary '
, 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' open1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . c r e a t e ( ' f l 1 ' , 'FluxBoundary ' ,
1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . c r e a t e ( ' f l 2 ' , 'FluxBoundary ' ,
1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 2 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' tds3 ' , ' Di lu t edSpec i e s ' , '
geom1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f i e l d ( ' concent ra t i on ' ) . f i e l d ( '
c A ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f i e l d ( ' concent ra t i on ' ) .
component ({ ' c A ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . s e l e c t i o n . s e t ( [ 2 3 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . c r e a t e ( 'cdm2 ' , '
Convect ionDi f fus ionMigrat ion ' , 2) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm2 ' ) . s e l e c t i o n . s e t
( [ 3 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . c r e a t e ( ' conc1 ' , ' Concentrat ion
' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' conc1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . c r e a t e ( ' conc2 ' , ' Concentrat ion
' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' conc2 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s . c r e a t e ( 'me1 ' , ' MarangoniEffect ' ,
1) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( 'me1 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s . c r e a t e ( ' n i t f 1 ' , '
NonIsothermalFlow ' , 2) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s . c r e a t e ( ' r fd1 ' , 'ReactingFlowDS ' ,
2) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd1 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s . c r e a t e ( ' r fd2 ' , 'ReactingFlowDS ' ,
2) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd2 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s . c r e a t e ( ' r fd3 ' , 'ReactingFlowDS ' ,
2) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd3 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' s i z e 1 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' s i z e 2 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' s i z e 3 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' s i z e 4 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' cr1 ' , 'CornerRefinement '
) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' f t r i 1 ' , ' FreeTri ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' bl1 ' , 'BndLayer ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 1 ' ) . s e l e c t i o n . geom(
'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 1 ' ) . s e l e c t i o n . s e t
( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e l e c t i o n . geom(
'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e l e c t i o n . s e t
( [ 1 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e l e c t i o n . geom(
'geom1 ' , 1) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e l e c t i o n . s e t
( [ 7 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 4 ' ) . s e l e c t i o n . geom(
'geom1 ' , 1) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 4 ' ) . s e l e c t i o n . s e t
( [ 4 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
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model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n . s e t ( [ 2
3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' f t r i 1 ' ) . s e l e c t i o n . geom(
'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' f t r i 1 ' ) . s e l e c t i o n . s e t
( [ 1 2 3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . s e l e c t i o n . s e t ( [ 2
3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . c r e a t e ( ' blp1 ' , '
BndLayerProp ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . c r e a t e ( ' blp2 ' , '
BndLayerProp ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp1 ' ) .
s e l e c t i o n . s e t ( [ 4 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp2 ' ) .
s e l e c t i o n . s e t ( [ 7 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' s i z e 3 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' fq1 ' , 'FreeQuad ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' fq2 ' , 'FreeQuad ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' bl2 ' , 'BndLayer ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' s i z e 2 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' cr1 ' , 'CornerRefinement '
) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' f t r i 1 ' , ' FreeTri ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' bl1 ' , 'BndLayer ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' bl3 ' , 'BndLayer ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e l e c t i o n . geom(
'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e l e c t i o n . s e t
( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . s e l e c t i o n . s e t
( [ 3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . c r e a t e ( ' s i z e 1 ' , '
S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . c r e a t e ( ' d i s1 ' , '
Di s t r i bu t i on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' d i s1 ' ) .
s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . s e l e c t i o n . s e t
( [ 1 ] ) ;
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model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . c r e a t e ( ' s i z e 1 ' , '
S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . c r e a t e ( ' d i s1 ' , '
Di s t r i bu t i on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' d i s1 ' ) .
s e l e c t i o n . s e t ( [ 4 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl2 ' ) . c r e a t e ( ' blp ' , '
BndLayerProp ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl2 ' ) . f e a t u r e ( ' blp ' ) .
s e l e c t i o n . s e t ( [ 4 1 0 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e l e c t i o n . geom(
'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e l e c t i o n . s e t
( [ 1 3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n . s e t ( [ 2
3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . s e l e c t i o n . s e t
( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . c r e a t e ( ' blp1 ' , '
BndLayerProp ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp1 ' ) .
s e l e c t i o n . s e t ( [ 4 7 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl3 ' ) . c r e a t e ( ' blp ' , '
BndLayerProp ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl3 ' ) . f e a t u r e ( ' blp ' ) .
s e l e c t i o n . s e t ( [ 7 ] ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd1 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd5 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd2 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd6 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd3 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd4 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd4 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . r e s u l t . t ab l e ( ' tb l 1 ' ) . l a b e l ( 'Probe Table 1 ' ) ;
model . r e s u l t . t ab l e ( ' ev l3 ' ) . l a b e l ( ' Evaluat ion 3D ' ) ;
model . r e s u l t . t ab l e ( ' ev l3 ' ) . comments ( ' I n t e r a c t i v e 3D va lues ' ) ;
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model . r e s u l t . t ab l e ( ' tb l 2 ' ) . comments ( ' Line In t e g r a t i on 1 ( ht . hf1 . h ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 3 ' ) . l a b e l ( 'Table 3 ' ) ;
model . r e s u l t . t ab l e ( ' tb l 3 ' ) . comments ( ' Line Average 1 ( ht . hf1 . h ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 4 ' ) . comments ( ' Line Average 2 (T) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 5 ' ) . comments ( ' Line Average 2 ( at (100 ,T) ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 6 ' ) . comments ( ' Line Average 2 ( at (10 ,T) ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 7 ' ) . comments ( ' Point Evaluat ion 6 ( at (1 ,T) ) ' ) ;
model . r e s u l t . t ab l e ( ' ev l2 ' ) . l a b e l ( ' Evaluat ion 2D ' ) ;
model . r e s u l t . t ab l e ( ' ev l2 ' ) . comments ( ' I n t e r a c t i v e 2D va lues ' ) ;
model . r e s u l t . t ab l e ( ' tb l 8 ' ) . comments ( ' Global Evaluat ion 1 ( an2 (T) ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 9 ' ) . comments ( ' Line Average 1 ( tds . nt f lux c AH a ,
tds2 . nt f lux c AH d ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l10 ' ) . comments ( ' Sur face Maximum 1 ( c A ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l11 ' ) . comments ( ' Sur face Maximum 2 (maxop2( c AH a )
, ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l12 ' ) . comments ( ' Sur face Average 2 ( aveop1 ( sp f .U) ,
aveop1 ( c AH d ) , minop1 (T) ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l13 ' ) . comments ( ' Line Average 3 ( aveop3 ( c AH d ) ) ' )
;
model . r e s u l t . t ab l e ( ' tb l14 ' ) . comments ( ' Sur face Minimum 1 (minop1 (T) ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l15 ' ) . comments ( ' Sur face Average 4 ( aveop1 (T) ) ' ) ;
model . component ( ' comp1 ' ) . view ( ' view1 ' ) . ax i s . s e t ( 'xmin ' ,
−52.482154846191406) ;
model . component ( ' comp1 ' ) . view ( ' view1 ' ) . ax i s . s e t ( 'xmax ' ,
282.0130615234375) ;
model . component ( ' comp1 ' ) . view ( ' view1 ' ) . ax i s . s e t ( 'ymin ' ,
−35.57728576660156) ;
model . component ( ' comp1 ' ) . view ( ' view1 ' ) . ax i s . s e t ( 'ymax ' ,
242.1551055908203) ;
model . view ( ' view7 ' ) . ax i s . s e t ( 'xmin ' , −0.002499999478459358) ;
model . view ( ' view7 ' ) . ax i s . s e t ( 'xmax ' , 0 .05250000208616257) ;
model . view ( ' view7 ' ) . ax i s . s e t ( 'ymin ' , 24 .99951171875) ;
model . view ( ' view7 ' ) . ax i s . s e t ( 'ymax ' , 10475) ;
model . view ( ' view7 ' ) . ax i s . s e t ( ' v i ewsca l e type ' , ' automatic ' ) ;
model . component ( ' comp1 ' ) . view ( ' view13 ' ) . s e t ( ' showgrid ' , f a l s e ) ;
model . component ( ' comp1 ' ) . view ( ' view13 ' ) . ax i s . s e t ( 'xmin ' ,
21 .086204528808594) ;
model . component ( ' comp1 ' ) . view ( ' view13 ' ) . ax i s . s e t ( 'xmax ' ,
130.0399169921875) ;
model . component ( ' comp1 ' ) . view ( ' view13 ' ) . ax i s . s e t ( 'ymin ' ,
−38.92351531982422) ;
model . component ( ' comp1 ' ) . view ( ' view13 ' ) . ax i s . s e t ( 'ymax ' ,
80 .83389282226562) ;
model . view ( ' view28 ' ) . ax i s . s e t ( 'xmin ' , −42.43891525268555) ;
model . view ( ' view28 ' ) . ax i s . s e t ( 'xmax ' , 341 .514892578125) ;
model . view ( ' view28 ' ) . ax i s . s e t ( 'ymin ' , −82.36394500732422) ;
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model . view ( ' view28 ' ) . ax i s . s e t ( 'ymax ' , 371 .0283203125) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . l a b e l ( 'Water , l i q u i d ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . s e t ( ' f ami ly ' , 'water ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' p i e c e s ' , { ' 273 .15 ' ' 413 .15 ' ' 1.3799566804−0.021224019151∗
Tˆ1+1.3604562827E−4∗Tˆ2−4.6454090319E−7∗Tˆ3+8.9042735735E−10∗T
ˆ4−9.0790692686E−13∗Tˆ5+3.8457331488E−16∗Tˆ6 ' ; ' 413 .15 ' ' 553 .75 ' '
0.00401235783−2.10746715E−5∗Tˆ1+3.85772275E−8∗Tˆ2−2.39730284E−11∗Tˆ3
' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' p i e c e s ' , { ' 273 .15 ' ' 553 .75 ' ' 12010.1471−80.4072879∗T
ˆ1+0.309866854∗Tˆ2−5.38186884E−4∗Tˆ3+3.62536437E−7∗Tˆ4 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' p i e c e s ' , { ' 273 .15 ' ' 553 .75 ' ' 838.466135+1.40050603∗T
ˆ1−0.0030112376∗Tˆ2+3.71822313E−7∗Tˆ3 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' p i e c e s ' , { ' 273 .15 ' ' 553 .75 ' ' −0.869083936+0.00894880345∗T
ˆ1−1.58366345E−5∗Tˆ2+7.97543259E−9∗Tˆ3 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' t ab l e ' , { ' 273 ' ' 1403 ' ; . . .
' 278 ' ' 1427 ' ; . . .
' 283 ' ' 1447 ' ; . . .
' 293 ' ' 1481 ' ; . . .
' 303 ' ' 1507 ' ; . . .
' 313 ' ' 1526 ' ; . . .
' 323 ' ' 1541 ' ; . . .
' 333 ' ' 1552 ' ; . . .
' 343 ' ' 1555 ' ; . . .
' 353 ' ' 1555 ' ; . . .
' 363 ' ' 1550 ' ; . . .
' 373 ' ' 1543 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' i n t e rp ' , ' p i e c ew i s e cub i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dynamicv i s cos i ty ' , ' eta (T[1/K] ) [ Pa∗ s ] ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
r a t i o o f s p e c i f i c h e a t ' , ' 1 .0 ' ) ;
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model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
e l e c t r i c c o n d u c t i v i t y ' , { ' 5 .5 e−6[S/m] ' ' 0 ' ' 0 ' ' 0 ' ' 5 .5 e−6[S/m] ' ' 0 '
' 0 ' ' 0 ' ' 5 .5 e−6[S/m] ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
heatcapac i ty ' , 'Cp(T[1/K] ) [ J /( kg∗K) ] ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dens i ty ' , ' 961 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
the rma lconduct iv i ty ' , { 'k (T[1/K] ) [W/(m∗K) ] ' ' 0 ' ' 0 ' ' 0 ' 'k (T[1/K] ) [W
/(m∗K) ] ' ' 0 ' ' 0 ' ' 0 ' 'k (T[1/K] ) [W/(m∗K) ] ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
soundspeed ' , ' cs (T[1/K] ) [m/ s ] ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . addInput
( ' temperature ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . materialType ( ' nonSol id ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . l a b e l ( 'Air ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . s e t ( ' f ami ly ' , ' a i r ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . s e t ( ' groups ' , { ' gase s ' 'Gases
' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' p i e c e s ' , { ' 200 .0 ' ' 1600 .0 ' ' −8.38278E−7+8.35717342E−8∗T
ˆ1−7.69429583E−11∗Tˆ2+4.6437266E−14∗Tˆ3−1.06585607E−17∗Tˆ4 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' funun i t ' , 'Pa∗ s ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' p i e c e s ' , { ' 200 .0 ' ' 1600 .0 ' ' 1047.63657−0.372589265∗T
ˆ1+9.45304214E−4∗Tˆ2−6.02409443E−7∗Tˆ3+1.2858961E−10∗Tˆ4 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' funun i t ' , 'J/( kg∗K) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' expr ' , 'pA∗0.02897/ R const [K∗mol/J ] /T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' args ' , { 'pA ' 'T ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' dermethod ' , 'manual ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' argder s ' , { 'pA ' 'd(pA∗0.02897/ R const /T,pA) ' ; 'T ' 'd(pA
∗0.02897/ R const /T,T) ' }) ;
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model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' argun i t ' , 'Pa ,K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' funun i t ' , ' kg/mˆ3 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' p l o t a r g s ' , { 'pA ' ' 0 ' ' 1 ' ; 'T ' ' 0 ' ' 1 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' p i e c e s ' , { ' 200 .0 ' ' 1600 .0 ' ' −0.00227583562+1.15480022E−4∗T
ˆ1−7.90252856E−8∗Tˆ2+4.11702505E−11∗Tˆ3−7.43864331E−15∗Tˆ4 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' funun i t ' , 'W/(m∗K) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' expr ' , ' s q r t ( 1 . 4∗ R const [K∗mol/J ]/0 . 02897∗T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' args ' , { 'T ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' dermethod ' , 'manual ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' funun i t ' , 'm/s ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 273 .15 ' ' 373 .15 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . l a b e l ( ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' funcname ' , ' alpha p ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' expr ' , '−1/rho (pA,T) ∗d( rho (pA,T) ,T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' args ' , { 'pA ' 'T ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' argun i t ' , 'Pa , K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' funun i t ' , ' 1/K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' p l o t a r g s ' , { 'pA ' ' 101325 ' ' 101325 ' ; 'T ' ' 273 .15 ' ' 373 .15 '
}) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' funcname ' , 'muB ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' expr ' , ' 0 .6∗ eta (T) ' ) ;
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model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' funun i t ' , 'Pa∗ s ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 200 ' ' 1600 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
t h e rma l e xpan s i on c o e f f i c i e n t ' , ' ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
molarmass ' , ' ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
bu l k v i s c o s i t y ' , ' ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
t h e rma l e xpan s i on c o e f f i c i e n t ' , { ' alpha p (pA,T) ' ' 0 ' ' 0 ' ' 0 ' ' alpha p (
pA,T) ' ' 0 ' ' 0 ' ' 0 ' ' alpha p (pA,T) ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
molarmass ' , ' 0.02897 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
bu l k v i s c o s i t y ' , 'muB(T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dynamicv i s cos i ty ' , ' eta (T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
r a t i o o f s p e c i f i c h e a t ' , ' 1 .4 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
e l e c t r i c c o n d u c t i v i t y ' , { ' 0 [ S/m] ' ' 0 ' ' 0 ' ' 0 ' ' 0 [ S/m] ' ' 0 ' ' 0 ' ' 0 ' '
0 [ S/m] ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
heatcapac i ty ' , 'Cp(T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dens i ty ' , ' rho (pA,T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
the rma lconduct iv i ty ' , { 'k (T) ' ' 0 ' ' 0 ' ' 0 ' 'k (T) ' ' 0 ' ' 0 ' ' 0 ' 'k (T) '
}) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
soundspeed ' , ' cs (T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . addInput
( ' temperature ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . addInput
( ' pr e s su r e ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( 'NonlinearModel
' ) . s e t ( 'BA ' , ' ( de f . gamma+1)/2 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . materialType ( ' nonSol id ' ) ;
model . mate r i a l ( 'mat3 ' ) . l a b e l ( 'Air 1 ' ) ;
model . mate r i a l ( 'mat3 ' ) . s e t ( ' f ami ly ' , ' a i r ' ) ;
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model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' eta ' ) . s e t ( ' arg ' , 'T ' )
;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' eta ' ) . s e t ( ' p i e c e s ' , {
' 200 .0 ' ' 1600 .0 ' ' −8.38278E−7+8.35717342E−8∗Tˆ1−7.69429583E−11∗T
ˆ2+4.6437266E−14∗Tˆ3−1.06585607E−17∗Tˆ4 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp ' ) . s e t ( ' arg ' , 'T ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp ' ) . s e t ( ' p i e c e s ' , { '
200 .0 ' ' 1600 .0 ' ' 1047.63657−0.372589265∗Tˆ1+9.45304214E−4∗T
ˆ2−6.02409443E−7∗Tˆ3+1.2858961E−10∗Tˆ4 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' rho ' ) . s e t ( ' expr ' , 'pA
∗0 .02897/8 .314/T ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' rho ' ) . s e t ( ' args ' , { '
pA ' 'T ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' rho ' ) . s e t ( ' dermethod '
, 'manual ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' rho ' ) . s e t ( ' argder s ' ,
{ 'pA ' 'd(pA∗0 .02897/8 .314/T,pA) ' ; 'T ' 'd(pA∗0 .02897/8 .314/T,T) ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' rho ' ) . s e t ( ' p l o t a r g s ' ,
{ 'pA ' ' 0 ' ' 1 ' ; 'T ' ' 0 ' ' 1 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( 'k ' ) . s e t ( ' arg ' , 'T ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( 'k ' ) . s e t ( ' p i e c e s ' , { '
200 .0 ' ' 1600 .0 ' ' −0.00227583562+1.15480022E−4∗Tˆ1−7.90252856E−8∗T
ˆ2+4.11702505E−11∗Tˆ3−7.43864331E−15∗Tˆ4 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs ' ) . s e t ( ' expr ' , '
s q r t (1 .4∗287∗T) ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs ' ) . s e t ( ' args ' , { 'T '
}) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs ' ) . s e t ( ' dermethod ' ,
'manual ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs ' ) . s e t ( ' argder s ' , {
'T ' 'd( sq r t (1 .4∗287∗T) ,T) ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs ' ) . s e t ( ' p l o t a r g s ' ,
{ 'T ' ' 0 ' ' 1 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' r e l p e rmeab i l i t y ' , { ' 1 '
' 0 ' ' 0 ' ' 0 ' ' 1 ' ' 0 ' ' 0 ' ' 0 ' ' 1 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' r e l p e rm i t t i v i t y ' , { ' 1 '
' 0 ' ' 0 ' ' 0 ' ' 1 ' ' 0 ' ' 0 ' ' 0 ' ' 1 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' dynamicv i s cos i ty ' , '
eta (T[1/K] ) [ Pa∗ s ] ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' r a t i o o f s p e c i f i c h e a t ' ,
' 1 .4 ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' e l e c t r i c c o n d u c t i v i t y ' ,
{ ' 0 [ S/m] ' ' 0 ' ' 0 ' ' 0 ' ' 0 [ S/m] ' ' 0 ' ' 0 ' ' 0 ' ' 0 [ S/m] ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' heatcapac i ty ' , 'Cp(T
[1/K] ) [ J /( kg∗K) ] ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' dens i ty ' , ' rho (pA[1/Pa
] ,T[1/K] ) [ kg/mˆ3 ] ' ) ;
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model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' the rma lconduct iv i ty ' ,
{ 'k (T[1/K] ) [W/(m∗K) ] ' ' 0 ' ' 0 ' ' 0 ' 'k (T[1/K] ) [W/(m∗K) ] ' ' 0 ' ' 0 ' ' 0 ' '
k (T[1/K] ) [W/(m∗K) ] ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' soundspeed ' , ' cs (T[1/K
] ) [m/ s ] ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . addInput ( ' temperature ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . addInput ( ' pr e s su r e ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' Ref rac t i ve Index ' ) . s e t ( 'n ' , ' ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' Ref rac t i ve Index ' ) . s e t ( ' k i ' , ' ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' Ref rac t i ve Index ' ) . s e t ( 'n ' , { ' 1 ' '
0 ' ' 0 ' ' 0 ' ' 1 ' ' 0 ' ' 0 ' ' 0 ' ' 1 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' Ref rac t i ve Index ' ) . s e t ( ' k i ' , { ' 0 '
' 0 ' ' 0 ' ' 0 ' ' 0 ' ' 0 ' ' 0 ' ' 0 ' ' 0 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . l a b e l ( 'Ammonium Hydroxide ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
the rma lconduct iv i ty ' , { ' 0 .4791 ' ' 0 ' ' 0 ' ' 0 ' ' 0 .4791 ' ' 0 ' ' 0 ' ' 0 ' '
0 .4791 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dens i ty ' , ' 880 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
heatcapac i ty ' , ' cp AmmoniumHydroxide (T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
r a t i o o f s p e c i f i c h e a t ' , ' 1 .4 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dynamicv i s cos i ty ' , ' 9 .856 e−4 ' ) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop1 ' ) . s e t ( ' axisym ' , t rue ) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop2 ' ) . s e t ( ' axisym ' , t rue ) ;
model . component ( ' comp1 ' ) . cp l ( ' intop1 ' ) . s e t ( ' axisym ' , t rue ) ;
model . component ( ' comp1 ' ) . cp l ( ' intop2 ' ) . s e t ( ' axisym ' , t rue ) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop3 ' ) . s e t ( ' axisym ' , t rue ) ;
model . component ( ' comp1 ' ) . common( ' amth ht ' ) . l a b e l ( 'Ambient Thermal
Prope r t i e s ( ht ) ' ) ;
model . common( ' cminpt ' ) . l a b e l ( 'Common model inputs 1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . l a b e l ( 'Heat Trans fe r in the
d rop l e t domain ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( 'BackCompStateT ' , 0) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( ' Tref ' , 'T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . prop ( ' Con s i s t e n t S t ab i l i z a t i o n ' ) .
s e t ( ' gl im ' , ' ( 0 . 0 1 [K] ) /ht . helem ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . prop ( ' Rad ia t i onSe t t ing s ' ) . s e t ( '
opaque ' , ' ht . d f l topaque ' ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' Tin i t ' ,
298) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' i d i 1 ' ) . f e a t u r e ( ' l opac1 '
) . l a b e l ( ' Layer Opacity ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' temp1 ' ) . s e t ( 'T0 ' , '
T sub ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'HeatFluxType
' , 'ConvectiveHeatFlux ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( ' q0 ' , ' −230[
kW/mˆ2 ] ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( ' materialType
' , ' from mat ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
HeatTrans f e rCoe f f i c i entType ' , ' ExtNaturalConvection ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
ExtNaturalConvectionType ' , ' Sphere ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
ExternalFluidType ' , 'FromList ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'h ' , 5180) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'Dsph ' , '
rad ius impingedDrop le t ∗2 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'matList ' , '
mat1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . l a b e l ( 'Laminar Flow in the
d rop l e t domain ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . f e a t u r e ( ' wal lbc2 ' ) . s e t ( '
BoundaryCondition ' , ' S l i p ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . l a b e l ( 'Heat Trans fe r in the a i r
domain ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( 'hasDG ' , t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( ' Tref ' , 'T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' Tin i t ' , '
T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp1 ' ) . s e t ( 'T0 ' , '
T sub ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp2 ' ) . s e t ( 'T0 ' , '
T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
HeatFluxType ' , 'ConvectiveHeatFlux ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( ' q0 ' , ' ht .
hf1 . h expr ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
ExtNaturalConvectionType ' , ' Sphere ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
IntNaturalConvectionType ' , 'NarrowChimneyCircularTube ' ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'h ' , ' ht . hf1
. h expr ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'Dsph ' , '
rad ius impingedDrop le t ∗2 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
materialType ' , ' from mat ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' open1 ' ) . s e t ( 'T0 ' , '
T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' bhs1 ' ) . s e t ( 'Qb ' , 'mf∗
h fg ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' bhs1 ' ) . s e t ( '
materialType ' , ' from mat ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' bhs1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp3 ' ) . s e t ( 'T0 ' , 'T ' )
;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . l a b e l ( 'Laminar Flow in the a i r
domain ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( ' r r e f ' , { ' 0 ' ; ' 0 ' ; ' 10∗ rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( ' Tref ' , 'T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' fp1 ' ) . s e t ( '
minput temperature ' , 'T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' e f i 1 ' ) . s e t ( '
minput temperature ' , ' 293 .15 [K] ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' e f i 1 ' ) . s e t ( 'Mf ' , '−
tds . n t f l u x c ∗M w ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' e f i 1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' wal lbc2 ' ) . s e t ( '
BoundaryCondition ' , ' S l i p ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' open1 ' ) . s e t ( '
BoundaryCondition ' , ' NoViscousStress ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' open1 ' ) . a c t i v e ( f a l s e )
;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' vf1 ' ) . s e t ( 'F ' , { ' 0 ' ;
' 0 ' ; '−g cons t ∗ sp f2 . rho∗Beta a i r ∗(T2−T amb) ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' f f i 1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . l a b e l ( ' Transport o f Di luted
Spec i e s − Air ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
Di f f u s i o nMa t e r i a l L i s t ' , 'mat5 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( 'D c AH a ' ,
{ 'D AHa ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHa ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHa ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' i n i t c ' , '
c s a t I n i t i a l ' ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' s p e c i e s ' ,
t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' c0 ' , ' i f (
csatAH (T)>maxop1( c AH d ) ,maxop1( c AH d ) , csatAH(T) ) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc2 ' ) . s e t ( ' s p e c i e s ' ,
t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc2 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' open1 ' ) . s e t ( ' c0 ' , ' i f (
csatAH (T)>c AH d , c AH d , csatAH (T) ) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' open1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( ' s p e c i e s ' ,
t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( ' J0 ' , 'M c∗(
csatAH (T)−c s a t I n i t i a l ) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . l a b e l ( ' Transport o f Di luted
Spec i e s − Droplet ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
Di f f u s i o nMa t e r i a l L i s t ' , 'mat1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( 'D c AH d '
, { 'D AHw ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHw ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHw ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' i n i t c ' ,
' c A drop l e t ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' s p e c i e s '
, t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' c0 ' , '
csatAH (T) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' conc1 ' ) . a c t i v e ( f a l s e )
;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' open1 ' ) . s e t ( ' c0 ' , '
csatAH (T) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' open1 ' ) . a c t i v e ( f a l s e )
;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( 'FluxType ' ,
' ExternalConvect ion ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( ' s p e c i e s ' ,
t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( ' kc ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( ' cb ' , '
csatAH (T) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 2 ' ) . s e t ( ' s p e c i e s ' ,
t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 2 ' ) . s e t ( ' J0 ' , '−M c
∗( csatAH (T)−c s a t I n i t i a l ) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . a c t i v e ( f a l s e ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . l a b e l ( ' Transport o f Di luted
Spec ie s−Droplet&Air ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
Di f f u s i o nMa t e r i a l L i s t ' , 'mat1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( 'D c A ' , {
'D AHw ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHw ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHw ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' i n i t c ' ,
' c A drop l e t ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm2 ' ) . s e t ( '
Di f f u s i o nMa t e r i a l L i s t ' , 'mat5 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm2 ' ) . s e t ( 'D c A ' , {
'D AHa ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHa ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHa ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' s p e c i e s '
, t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' c0 ' , ' i f
( c A>5 . 9 , 60 . 9 [ mol/mˆ3 ] , 1 0 [ mol/mˆ3 ] ) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' conc2 ' ) . s e t ( ' s p e c i e s '
, t rue ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( 'me1 ' ) . s e t ( ' sigma ' , ' (gamma5∗T)+
gamma6 ' ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' n i t f 1 ' ) . l a b e l ( ' Nonisothermal
Flow − Droplet ' ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd1 ' ) . s e t ( ' F lu id phy s i c s ' , '
sp f2 ' ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd2 ' ) . s e t ( ' Spe c i e s phy s i c s ' , '
tds2 ' ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd3 ' ) . s e t ( ' Spe c i e s phy s i c s ' , '
tds3 ' ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd3 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e ' ) . s e t ( ' hauto ' , 4) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e ' ) . s e t ( ' t ab l e ' , '
c fd ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 1 ' ) . s e t ( ' hauto ' , 2)
;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 1 ' ) . s e t ( ' t ab l e ' , '
c fd ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' hauto ' , 2)
;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( ' hauto ' , 2)
;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( ' t ab l e ' , '
c fd ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 4 ' ) . s e t ( ' hauto ' , 1)
;
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model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 4 ' ) . s e t ( ' t ab l e ' , '
c fd ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n ( '
boundary ' ) . s e t ( [ 4 7 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . s e t ( ' sharpcorne r s
' , ' tr im ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp1 ' ) .
s e t ( ' b l n l a y e r s ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp1 ' ) .
s e t ( ' blhminfact ' , 5) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp2 ' ) .
s e t ( ' b l n l a y e r s ' , 1) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp2 ' ) .
s e t ( ' blhminfact ' , 10) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . run ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e ' ) . l a b e l ( '
GlobalMeshSize ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e ' ) . s e t ( ' custom ' , '
on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e ' ) . s e t ( 'hmax ' , 5) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e ' ) . s e t ( 'hmin ' ,
0 . 0757) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . l a b e l ( '
DropletDomain−MeshSize ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( ' custom ' , '
on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( 'hmax ' , '
max e l ement s i z e f ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( ' hmaxactive
' , t rue ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( 'hmin ' ,
0 . 0757) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( ' hminact ive
' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . l a b e l ( ' Free Quad−
AirDomin ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
l a b e l ( 'AirDomain−MeshSize ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' custom ' , ' on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( 'hmax ' , ' max e l ement s i ze v ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' hmaxactive ' , t rue ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( 'hmin ' , 0 . 0757) ;
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model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' hminact ive ' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' d i s1 ' ) .
a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' d i s1 ' ) .
s e t ( 'numelem ' , 25) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . l a b e l ( ' Free Quad−
Substrate ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
l a b e l ( ' SubstrateDomain−MeshSize ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' custom ' , ' on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( 'hmax ' , 5) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' hmaxactive ' , t rue ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( 'hmin ' , 0 . 0757) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' hminact ive ' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' d i s1 ' ) .
a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' d i s1 ' ) .
s e t ( 'numelem ' , 25) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' hauto ' , 4)
;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' custom ' , '
on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' t ab l e ' , '
c fd ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( 'hmax ' , 50)
;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' hmaxactive
' , t rue ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( 'hmin ' ,
0 . 2 3 ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' hgrad ' ,
1 . 1 3 ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' hminact ive
' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( '
hcurveac t i ve ' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( '
hnarrowact ive ' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( '
hgradact ive ' , f a l s e ) ;
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model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n ( '
boundary ' ) . s e t ( [ 4 7 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' f t r i 1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . s e t ( ' sharpcorne r s
' , ' tr im ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp1 ' ) .
s e t ( ' blhminfact ' , 5) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . run ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . l a b e l ( '
MassFlux AmmoniumHydroxide ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' expr ' , 'mf AH ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' un i t ' , ' kg /(mˆ2∗ s ) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' desc r ' , '
MassFlux AmmoniumHydroxide ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . l a b e l ( 'MassFlux FormicAcid ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' expr ' , 'mf FA ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' un i t ' , ' kg /(mˆ2∗ s ) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' desc r ' , '
MassFlux FormicAcid ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' un i t ' , ' kg /(mˆ2∗ s ) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . l a b e l ( '
EvaporativeFlux AmmoniumHydroxide ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' expr ' , ' h evap AH ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' un i t ' , 'W/(mˆ2∗K) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' desc r ' , '
EvaporativeFlux AmmoniumHydroxide ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . l a b e l ( '
EvaporativeFlux FormicAcid ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' expr ' , ' h evap FA ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' un i t ' , 'W/(mˆ2∗K) ' ) ;
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model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' desc r ' , '
EvaporativeFlux FormicAcid ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' un i t ' , 'W/(mˆ2∗K) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' expr ' , ' c AH a ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' un i t ' , 'mol/mˆ3 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd4 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd4 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd4 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd4 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' T i n i t s r c '
, ' root . comp1 . amth ht . T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( ' Text s rc ' , '
root . comp1 . amth ht . T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . f e a t u r e ( ' fp1 ' ) . s e t ( '
minput temperature src ' , ' root . comp1 .T ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' T i n i t s r c
' , ' root . comp1 . amth ht . T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( ' Text s rc ' ,
' root . comp1 . amth ht . T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
minput temperature src ' , ' root . comp1 .T2 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
minput temperature src ' , ' root . comp1 . n i t f 1 .T ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
minput temperature src ' , ' root . comp1 .T ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( ' u s r c ' , '
root . comp1 . u ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm2 ' ) . s e t ( '
minput temperature src ' , ' root . comp1 .T2 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm2 ' ) . s e t ( ' u s r c ' , '
root . comp1 . u2 ' ) ;
model . study . c r e a t e ( ' std1 ' ) ;
model . study ( ' std1 ' ) . c r e a t e ( ' s t a t ' , ' Stat i onary ' ) ;
model . study ( ' std1 ' ) . c r e a t e ( ' time ' , ' Trans ient ' ) ;
model . study . c r e a t e ( ' std2 ' ) ;
model . study ( ' std2 ' ) . c r e a t e ( 'param ' , ' Parametric ' ) ;
model . study ( ' std2 ' ) . c r e a t e ( ' time ' , ' Trans ient ' ) ;
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model . s o l . c r e a t e ( ' s o l 1 ' ) ;
model . s o l ( ' s o l 1 ' ) . study ( ' std1 ' ) ;
model . s o l ( ' s o l 1 ' ) . attach ( ' std1 ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' s t1 ' , ' StudyStep ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' v1 ' , ' Var iab l e s ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' s1 ' , ' Stat i onary ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' su1 ' , ' Sto r eSo lu t i on ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' s t2 ' , ' StudyStep ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' v2 ' , ' Var iab l e s ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' t1 ' , 'Time ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( ' se1 ' , ' Segregated ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( 'd2 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( 'd3 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( 'd4 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( 'd5 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( ' i 1 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( ' i 2 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( ' i 3 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( ' i 4 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s1 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s2 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s3 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s4 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s5 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' l l 1 ' , '
LowerLimit ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds1 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds21 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds31 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds32 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds22 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds33 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds34 ' , '
SegregatedStep ' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds23 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds35 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds36 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds24 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e . remove ( ' ssDef ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e . remove ( ' f cDe f ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' se1 ' , ' Segregated ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd2 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd3 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd4 ' , ' Direc t ' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd5 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 1 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 2 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 3 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 4 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s1 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s2 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s3 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s4 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s5 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' l l 1 ' , '
LowerLimit ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds1 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds21 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds31 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds32 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds22 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds33 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds34 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds23 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds35 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds36 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds24 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e . remove ( ' ssDef ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e . remove ( ' f cDe f ' ) ;
model . s o l . c r e a t e ( ' s o l 3 ' ) ;
model . s o l ( ' s o l 3 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 3 ' ) . attach ( ' std2 ' ) ;
model . s o l ( ' s o l 3 ' ) . c r e a t e ( ' s t1 ' , ' StudyStep ' ) ;
model . s o l ( ' s o l 3 ' ) . c r e a t e ( ' v1 ' , ' Var iab l e s ' ) ;
model . s o l ( ' s o l 3 ' ) . c r e a t e ( ' t1 ' , 'Time ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' se1 ' , ' Segregated ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd2 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd3 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd4 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd5 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 1 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 2 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 3 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 4 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' s t1 ' , ' StopCondit ion ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' s t2 ' , ' StopCondit ion ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s1 ' , '
SegregatedStep ' ) ;
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model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s2 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s3 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s4 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s5 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' l l 1 ' , '
LowerLimit ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds1 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds21 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds31 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds32 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds22 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds33 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds34 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds23 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds35 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds36 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds24 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e . remove ( ' ssDef ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
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model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e . remove ( ' f cDe f ' ) ;
model . s o l . c r e a t e ( ' s o l 4 ' ) ;
model . s o l ( ' s o l 4 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 4 ' ) . l a b e l ( ' Parametric So l u t i on s 1 ' ) ;
model . s o l . c r e a t e ( ' s o l 5 ' ) ;
model . s o l ( ' s o l 5 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 5 ' ) . l a b e l ( ' Parametric So l u t i on s 2 ' ) ;
model . s o l . c r e a t e ( ' s o l 13 ' ) ;
model . s o l ( ' s o l 13 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 13 ' ) . l a b e l ( ' Parametric So l u t i on s 3 ' ) ;
model . s o l . c r e a t e ( ' s o l 19 ' ) ;
model . s o l ( ' s o l 19 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 19 ' ) . l a b e l ( ' Parametric So l u t i on s 4 ' ) ;
model . s o l . c r e a t e ( ' s o l 21 ' ) ;
model . s o l ( ' s o l 21 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 21 ' ) . l a b e l ( ' Parametric So l u t i on s 5 ' ) ;
model . s o l . c r e a t e ( ' s o l 22 ' ) ;
model . s o l ( ' s o l 22 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 22 ' ) . l a b e l ( ' Parametric So l u t i on s 6 ' ) ;
model . s o l . c r e a t e ( ' s o l 28 ' ) ;
model . s o l ( ' s o l 28 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 28 ' ) . l a b e l ( ' Parametric So l u t i on s 7 ' ) ;
model . batch . c r e a t e ( 'p1 ' , ' Parametric ' ) ;
model . batch ( 'p1 ' ) . c r e a t e ( ' so1 ' , ' So lu t i on s eq ' ) ;
model . batch ( 'p1 ' ) . study ( ' std2 ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh1 ' , 'Average ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh2 ' , 'Average ' ) ;
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model . r e s u l t . datase t . c r e a t e ( ' rev1 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev2 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev3 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh3 ' , 'Average ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh4 ' , 'Average ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev4 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev5 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev6 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev7 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev8 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev9 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev10 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev11 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh5 ' , 'Average ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh6 ' , 'Average ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev12 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev13 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev14 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev15 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev16 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev17 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev18 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' j o i n 1 ' , ' Join ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev19 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev20 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev21 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev22 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev23 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev24 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev25 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev26 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' dset11 ' , ' So lu t i on ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev27 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t ( ' dset3 ' ) . s e t ( ' probetag ' , 'bnd3 ' ) ;
model . r e s u l t . datase t ( ' avh1 ' ) . s e t ( ' probetag ' , 'bnd3 ' ) ;
model . r e s u l t . datase t ( ' avh1 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
model . r e s u l t . datase t ( ' avh1 ' ) . s e l e c t i o n . geom( 'geom1 ' , 1) ;
model . r e s u l t . datase t ( ' avh1 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . s e t ( ' probetag ' , 'bnd4 ' ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
model . r e s u l t . datase t ( ' dset4 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 3 ' ) ;
model . r e s u l t . datase t ( ' rev2 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t . datase t ( ' rev3 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t . datase t ( ' avh3 ' ) . s e t ( ' probetag ' , 'bnd1 ' ) ;
model . r e s u l t . datase t ( ' avh3 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
model . r e s u l t . datase t ( ' avh4 ' ) . s e t ( ' probetag ' , 'bnd2 ' ) ;
model . r e s u l t . datase t ( ' avh4 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
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model . r e s u l t . datase t ( ' avh5 ' ) . s e t ( ' probetag ' , 'bnd5 ' ) ;
model . r e s u l t . datase t ( ' avh5 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . s e t ( ' probetag ' , 'bnd6 ' ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
model . r e s u l t . datase t ( ' dset5 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 4 ' ) ;
model . r e s u l t . datase t ( ' rev18 ' ) . s e t ( ' data ' , ' dset5 ' ) ;
model . r e s u l t . datase t ( ' j o i n 1 ' ) . s e t ( ' data ' , ' dset6 ' ) ;
model . r e s u l t . datase t ( ' j o i n 1 ' ) . s e t ( ' data2 ' , ' dset6 ' ) ;
model . r e s u l t . datase t ( ' rev19 ' ) . s e t ( ' data ' , ' dset5 ' ) ;
model . r e s u l t . datase t ( ' rev20 ' ) . s e t ( ' data ' , ' dset5 ' ) ;
model . r e s u l t . datase t ( ' rev21 ' ) . s e t ( ' data ' , ' dset5 ' ) ;
model . r e s u l t . datase t ( ' rev22 ' ) . s e t ( ' data ' , ' dset5 ' ) ;
model . r e s u l t . datase t ( ' dset6 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 5 ' ) ;
model . r e s u l t . datase t ( ' rev24 ' ) . s e t ( ' data ' , ' dset6 ' ) ;
model . r e s u l t . datase t ( ' dset7 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 13 ' ) ;
model . r e s u l t . datase t ( ' rev25 ' ) . s e t ( ' data ' , ' dset7 ' ) ;
model . r e s u l t . datase t ( ' dset8 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 19 ' ) ;
model . r e s u l t . datase t ( ' dset9 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 21 ' ) ;
model . r e s u l t . datase t ( ' dset10 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 22 ' ) ;
model . r e s u l t . datase t ( ' rev26 ' ) . s e t ( ' data ' , ' dset10 ' ) ;
model . r e s u l t . datase t ( ' dset11 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 28 ' ) ;
model . r e s u l t . datase t ( ' rev27 ' ) . s e t ( ' data ' , ' dset11 ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev1 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev2 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev3 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev4 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev5 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev6 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' av1 ' , 'AvLine ' ) ;
model . r e s u l t . numerica l . c r e a t e ( 'max1 ' , 'MaxSurface ' ) ;
model . r e s u l t . numerica l . c r e a t e ( 'max2 ' , 'MaxSurface ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' av2 ' , 'AvSurface ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' av3 ' , 'AvLine ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' av4 ' , 'AvSurface ' ) ;
model . r e s u l t . numer ica l ( ' pev1 ' ) . s e t ( ' probetag ' , 'bnd3 ' ) ;
model . r e s u l t . numer ica l ( ' pev2 ' ) . s e t ( ' probetag ' , 'bnd1 ' ) ;
model . r e s u l t . numer ica l ( ' pev3 ' ) . s e t ( ' probetag ' , 'bnd2 ' ) ;
model . r e s u l t . numer ica l ( ' pev4 ' ) . s e t ( ' probetag ' , 'bnd4 ' ) ;
model . r e s u l t . numer ica l ( ' pev5 ' ) . s e t ( ' probetag ' , 'bnd5 ' ) ;
model . r e s u l t . numer ica l ( ' pev6 ' ) . s e t ( ' probetag ' , 'bnd6 ' ) ;
model . r e s u l t . numer ica l ( ' av1 ' ) . s e t ( ' probetag ' , ' none ' ) ;
model . r e s u l t . numer ica l ( 'max1 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t . numer ica l ( 'max1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . r e s u l t . numer ica l ( 'max1 ' ) . s e t ( ' probetag ' , ' none ' ) ;
model . r e s u l t . numer ica l ( 'max2 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t . numer ica l ( 'max2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . r e s u l t . numer ica l ( 'max2 ' ) . s e t ( ' probetag ' , ' none ' ) ;
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model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' data ' , ' dset6 ' ) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' probetag ' , ' none ' ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' probetag ' , ' none ' ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' data ' , ' dset6 ' ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' probetag ' , ' none ' ) ;
model . r e s u l t . c r e a t e ( ' pg33 ' , 'PlotGroup1D ' ) ;
model . r e s u l t . c r e a t e ( ' pg34 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg48 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg47 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg49 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg50 ' , 'PlotGroup1D ' ) ;
model . r e s u l t . c r e a t e ( ' pg52 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg53 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg51 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg54 ' , 'PlotGroup2D ' ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' probetag ' , 'window1 ' ) ;
model . r e s u l t ( ' pg33 ' ) . c r e a t e ( ' tb lp1 ' , 'Table ' ) ;
model . r e s u l t ( ' pg33 ' ) . f e a t u r e ( ' tb lp1 ' ) . s e t ( ' probetag ' , 'pdom1/ppb1 , pdom2
/ppb2 , pdom3/ppb3 , pdom4/ppb4 , bnd1 , bnd2 , bnd3 , bnd4 , bnd5 , bnd6 ' ) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' data ' , ' dset7 ' ) ;
model . r e s u l t ( ' pg34 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg34 ' ) . c r e a t e ( ' s u r f 2 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg34 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg48 ' ) . s e t ( ' data ' , ' dset7 ' ) ;
model . r e s u l t ( ' pg48 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg48 ' ) . c r e a t e ( ' s u r f 2 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg48 ' ) . c r e a t e ( ' arws2 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg47 ' ) . s e t ( ' data ' , ' dset7 ' ) ;
model . r e s u l t ( ' pg47 ' ) . c r e a t e ( ' s u r f 3 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg47 ' ) . c r e a t e ( ' s u r f 2 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg47 ' ) . c r e a t e ( ' con1 ' , 'Contour ' ) ;
model . r e s u l t ( ' pg49 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg49 ' ) . c r e a t e ( ' s u r f 2 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg49 ' ) . c r e a t e ( ' s u r f 3 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg49 ' ) . c r e a t e ( ' con2 ' , 'Contour ' ) ;
model . r e s u l t ( ' pg50 ' ) . c r e a t e ( ' glob1 ' , ' Global ' ) ;
model . r e s u l t ( ' pg52 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg52 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg52 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg53 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg53 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg53 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
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model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg51 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg51 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg51 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg54 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg54 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg54 ' ) . c r e a t e ( ' s u r f 2 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg54 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t . export . c r e a t e ( ' p lo t1 ' , ' Plot ' ) ;
model . r e s u l t . export . c r e a t e ( ' p lo t2 ' , ' Plot ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . genResult ( [ ] ) ;
model . nodeGroup . c r e a t e ( ' grp1 ' , ' Globa lDe f i n i t i on s ' ) ;
model . nodeGroup ( ' grp1 ' ) . s e t ( ' type ' , 'param ' ) ;
model . nodeGroup ( ' grp1 ' ) . p l a c eA f t e r ( [ ] ) ;
model . nodeGroup . c r e a t e ( ' grp2 ' , ' Globa lDe f i n i t i on s ' ) ;
model . nodeGroup ( ' grp2 ' ) . s e t ( ' type ' , ' func ' ) ;
model . nodeGroup ( ' grp2 ' ) . p l a c eA f t e r ( [ ] ) ;
model . nodeGroup . c r e a t e ( ' grp3 ' , ' Globa lDe f i n i t i on s ' ) ;
model . nodeGroup ( ' grp3 ' ) . p l a c eA f t e r ( [ ] ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . a c t i v e ( f a l s e ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' tun i t ' , 'ms ' ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' t l i s t ' , ' range (0 , 1 , 200) ' ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' u s e i n i t s o l ' , t rue ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' i n i t s t udy ' , ' std1 ' ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' solnum ' , ' auto ' ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( 'mesh ' , { 'geom1 ' 'mesh1 ' }) ;
model . study ( ' std2 ' ) . f e a t u r e ( 'param ' ) . s e t ( 'pname ' , { 'T sub ' }) ;
model . study ( ' std2 ' ) . f e a t u r e ( 'param ' ) . s e t ( ' p l i s t a r r ' , { ' range
(313 ,10 ,353) ' }) ;
model . study ( ' std2 ' ) . f e a t u r e ( 'param ' ) . s e t ( ' punit ' , { 'K ' }) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' tun i t ' , 'ms ' ) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' t l i s t ' , ' range (1 , 1 , 200) ' ) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' u s e i n i t s o l ' , t rue ) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' i n i t s t udy ' , ' std1 ' ) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' solnum ' , ' auto ' ) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' t imeadapt ion ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . attach ( ' std1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' c l i s t c t r l ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' cname ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' c l i s t ' , [ ] ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v1 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
scalemethod ' , 'manual ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v1 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
s c a l e v a l ' , 1 .1813136755324553E−6) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' aDef ' ) . s e t ( ' cachepattern ' ,
t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' maxseg i ter ' , 200) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' segtermonres ' ,
f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' s eg s tabacc ' , '
segc f l cmp ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . l a b e l ( '
Al l v a r i a b l e s ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
segvar ' , { ' comp1 u ' ' comp1 p ' ' comp1 p2 ' ' comp1 spa t i a l d i sp ' '
comp1 T ' ' comp1 T2 ' ' comp1 u2 ' ' comp1 c AH a ' ' comp1 c AH d ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
subdamp ' , 0 . 5 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . l a b e l ( '
Spa t i a l mesh disp lacement ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
l i n s o l v e r ' , 'd2 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . l a b e l ( '
Heat t r a n s f e r T ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
segvar ' , { ' comp1 T ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
l i n s o l v e r ' , 'd3 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
subdamp ' , 0 . 5 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
segvar ' , { ' comp1 T2 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
l i n s o l v e r ' , 'd4 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
subdamp ' , 0 . 5 ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . l a b e l ( '
Ve loc i ty u2 , Pressure p2 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
segvar ' , { ' comp1 u2 ' ' comp1 p2 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
l i n s o l v e r ' , 'd5 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
subdamp ' , 0 . 5 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' l l 1 ' ) . s e t ( '
l owe r l im i t ' , ' comp1 .T2 0 comp1 .T 0 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . l a b e l ( '
Segregated Step 1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . s e t ( '
segvar ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds21 ' ) . s e t ( '
segvar ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds21 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds31 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds32 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds22 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds33 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds34 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds23 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds35 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds36 ' ) . s e t ( '
segvar ' , { ' comp1 c AH a ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds36 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds24 ' ) . s e t ( '
segvar ' , { ' comp1 c AH d ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds24 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd3 ' ) . l a b e l ( 'PARDISO ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . l a b e l ( 'Geometric
Mul t ig r id ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . s e t ( ' rhob ' , 20) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . l a b e l ( 'Geometric
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . s e t ( ' rhob ' , 20) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s t2 ' ) . a c t i v e ( f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s t2 ' ) . s e t ( ' s tudystep ' , ' time ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . a c t i v e ( t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' i n i t s o l ' , ' s o l 1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' solnum ' , ' auto ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' scalemethod ' , ' none ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' notsolmethod ' , ' s o l ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' no t s o l ' , ' s o l 1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' notsolnum ' , ' auto ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
scalemethod ' , 'manual ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
s c a l e v a l ' , 1 .1813136755324553E−6) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' c on t r o l ' , ' time ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' tun i t ' , 'ms ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' t l i s t ' , ' range (0 , 1 , 200) ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' r t o l ' , 0 . 005 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l g l o b a l f a c t o r ' , 0 . 0 5 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' f i e l d s e l e c t i o n ' , ' comp1 p ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' atolmethod ' , { ' comp1 p ' ' s c a l ed ' '
comp1 p2 ' ' s c a l ed ' ' comp1 spa t i a l d i sp ' ' g l oba l ' ' comp1 T ' ' g l oba l '
' comp1 T2 ' ' g l oba l ' . . .
' comp1 u ' ' g l oba l ' ' comp1 u2 ' ' g l oba l ' ' comp1 c AH a ' ' g l oba l ' '
comp1 c AH d ' ' g l oba l ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' atolvaluemethod ' , { ' comp1 p ' '
f a c t o r ' ' comp1 p2 ' ' f a c t o r ' ' comp1 spa t i a l d i sp ' ' f a c t o r ' ' comp1 T '
' f a c t o r ' ' comp1 T2 ' ' f a c t o r ' . . .
' comp1 u ' ' f a c t o r ' ' comp1 u2 ' ' f a c t o r ' ' comp1 c AH a ' ' f a c t o r ' '
comp1 c AH d ' ' f a c t o r ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l f a c t o r ' , { ' comp1 p ' ' 1 ' '
comp1 p2 ' ' 1 ' ' comp1 spa t i a l d i sp ' ' 0 .1 ' ' comp1 T ' ' 0 .1 ' ' comp1 T2 '
' 0 .1 ' . . .
' comp1 u ' ' 0 .1 ' ' comp1 u2 ' ' 0 .1 ' ' comp1 c AH a ' ' 0 .1 ' ' comp1 c AH d ' '
0 .1 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l ' , { ' comp1 p ' ' 1e−3 ' ' comp1 p2
' ' 1e−3 ' ' comp1 spa t i a l d i sp ' ' 1e−3 ' ' comp1 T ' ' 1e−3 ' ' comp1 T2 ' ' 1e
−3 ' . . .
' comp1 u ' ' 1e−3 ' ' comp1 u2 ' ' 1e−3 ' ' comp1 c AH a ' ' 1e−3 ' ' comp1 c AH d '
' 1e−3 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' ato ludot ' , { ' comp1 p ' ' 1e−3 ' '
comp1 p2 ' ' 1e−3 ' ' comp1 spa t i a l d i sp ' ' 1e−3 ' ' comp1 T ' ' 1e−3 ' '
comp1 T2 ' ' 1e−3 ' . . .
' comp1 u ' ' 1e−3 ' ' comp1 u2 ' ' 1e−3 ' ' comp1 c AH a ' ' 1e−3 ' ' comp1 c AH d '
' 1e−3 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( 'maxorder ' , 2) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' s t ab cn t r l ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' bw in i t s t e p f r a c ' , 0 . 0 1 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' e s t r a t ' , ' exc lude ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' lumpedflux ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' eventout ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' aDef ' ) . s e t ( ' cachepattern ' ,
t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' n t o l f a c t ' , 0 . 5 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' s eg s tabacc ' , '
segaacc ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' segaaccdim ' , 5) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' segaaccmix ' , 0 . 9 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' s egaaccde lay ' , 1) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . l a b e l ( '
Ve loc i ty u , Pressure p ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
segvar ' , { ' comp1 u ' ' comp1 p ' ' comp1 p2 ' ' comp1 spa t i a l d i sp ' '
comp1 T ' ' comp1 T2 ' ' comp1 u2 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . l a b e l ( '
Heat t r a n s f e r T ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
segvar ' , { ' comp1 T ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
l i n s o l v e r ' , 'd2 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
subdamp ' , 0 . 7 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
sub j t ech ' , ' onevery ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . l a b e l ( '
Spa t i a l mesh disp lacement ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
segvar ' , { ' comp1 spa t i a l d i sp ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
l i n s o l v e r ' , 'd3 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
segvar ' , { ' comp1 T2 ' }) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
l i n s o l v e r ' , 'd4 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
subdamp ' , 0 . 7 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
sub j t ech ' , ' onevery ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . l a b e l ( '
Ve loc i ty u2 , Pressure p2 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
segvar ' , { ' comp1 u2 ' ' comp1 p2 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
l i n s o l v e r ' , 'd5 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' l l 1 ' ) . s e t ( '
l owe r l im i t ' , ' comp1 .T2 0 comp1 .T 0 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . l a b e l ( '
Segregated Step 1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . s e t ( '
segvar ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds21 ' ) . s e t ( '
segvar ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds36 ' ) . s e t ( '
segvar ' , { ' comp1 c AH a ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds24 ' ) . s e t ( '
segvar ' , { ' comp1 c AH d ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . l a b e l ( 'PARDISO ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . l a b e l ( 'Geometric
Mul t ig r id ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . s e t ( ' rhob ' , 20) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . l a b e l ( 'Geometric
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . s e t ( ' rhob ' , 20) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . runAl l ;
model . s o l ( ' s o l 3 ' ) . attach ( ' std2 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' i n i t s o l ' , ' s o l 1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' solnum ' , ' auto ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' scalemethod ' , ' none ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' re s sca l emethod ' , ' auto ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' c l i s t ' , { ' range (0 , 1 , 200 ) ' ' 0 . 2 [ms ]
' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
scalemethod ' , 'manual ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
s c a l e v a l ' , 1 .1813136755324553E−6) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' c on t r o l ' , ' user ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' tun i t ' , 'ms ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' t l i s t ' , ' range (0 , 1 , 200) ' ) ;
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model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' r t o l ' , 0 . 005 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l g l o b a l f a c t o r ' , 0 . 0 5 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' f i e l d s e l e c t i o n ' , ' comp1 p ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' atolmethod ' , { ' comp1 p ' ' s c a l ed ' '
comp1 p2 ' ' s c a l ed ' ' comp1 spa t i a l d i sp ' ' g l oba l ' ' comp1 T ' ' g l oba l '
' comp1 T2 ' ' g l oba l ' . . .
' comp1 u ' ' g l oba l ' ' comp1 u2 ' ' g l oba l ' ' comp1 c AH a ' ' g l oba l ' '
comp1 c AH d ' ' g l oba l ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' atolvaluemethod ' , { ' comp1 p ' '
f a c t o r ' ' comp1 p2 ' ' f a c t o r ' ' comp1 spa t i a l d i sp ' ' f a c t o r ' ' comp1 T '
' f a c t o r ' ' comp1 T2 ' ' f a c t o r ' . . .
' comp1 u ' ' f a c t o r ' ' comp1 u2 ' ' f a c t o r ' ' comp1 c AH a ' ' f a c t o r ' '
comp1 c AH d ' ' f a c t o r ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l f a c t o r ' , { ' comp1 p ' ' 1 ' '
comp1 p2 ' ' 1 ' ' comp1 spa t i a l d i sp ' ' 0 .1 ' ' comp1 T ' ' 0 .1 ' ' comp1 T2 '
' 0 .1 ' . . .
' comp1 u ' ' 0 .1 ' ' comp1 u2 ' ' 0 .1 ' ' comp1 c AH a ' ' 0 .1 ' ' comp1 c AH d ' '
0 .1 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l ' , { ' comp1 p ' ' 1e−3 ' ' comp1 p2
' ' 1e−3 ' ' comp1 spa t i a l d i sp ' ' 1e−3 ' ' comp1 T ' ' 1e−3 ' ' comp1 T2 ' ' 1e
−3 ' . . .
' comp1 u ' ' 1e−3 ' ' comp1 u2 ' ' 1e−3 ' ' comp1 c AH a ' ' 1e−3 ' ' comp1 c AH d '
' 1e−3 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' ato ludot ' , { ' comp1 p ' ' 1e−3 ' '
comp1 p2 ' ' 1e−3 ' ' comp1 spa t i a l d i sp ' ' 1e−3 ' ' comp1 T ' ' 1e−3 ' '
comp1 T2 ' ' 1e−3 ' . . .
' comp1 u ' ' 1e−3 ' ' comp1 u2 ' ' 1e−3 ' ' comp1 c AH a ' ' 1e−3 ' ' comp1 c AH d '
' 1e−3 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( 'maxorder ' , 2) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' s t ab cn t r l ' , t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' bw in i t s t e p f r a c ' , 0 . 0 1 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' e s t r a t ' , ' exc lude ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' tout ' , ' t s t e p s ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' lumpedflux ' , t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' eventout ' , t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' aDef ' ) . s e t ( ' cachepattern ' ,
t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' n t o l f a c t ' , 0 . 5 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' s eg s tabacc ' , '
segaacc ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' segaaccdim ' , 5) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' segaaccmix ' , 0 . 9 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' s egaaccde lay ' , 1) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . l a b e l ( '
Al l v a r i a b l e s ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
segvar ' , { ' comp1 u ' ' comp1 p ' ' comp1 p2 ' ' comp1 spa t i a l d i sp ' '
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comp1 T ' ' comp1 T2 ' ' comp1 u2 ' ' comp1 c AH a ' ' comp1 c AH d ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . l a b e l ( '
Heat t r a n s f e r T ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
segvar ' , { ' comp1 T ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
l i n s o l v e r ' , 'd2 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
subdamp ' , 0 . 7 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
sub j t ech ' , ' onevery ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . l a b e l ( '
Spa t i a l mesh disp lacement ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
segvar ' , { ' comp1 spa t i a l d i sp ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
l i n s o l v e r ' , 'd3 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
segvar ' , { ' comp1 T2 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
l i n s o l v e r ' , 'd4 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
subdamp ' , 0 . 7 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
sub j t ech ' , ' onevery ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . l a b e l ( '
Ve loc i ty u2 , Pressure p2 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
segvar ' , { ' comp1 u2 ' ' comp1 p2 ' }) ;
239
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
l i n s o l v e r ' , 'd5 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' l l 1 ' ) . s e t ( '
l owe r l im i t ' , ' comp1 .T2 0 comp1 .T 0 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . l a b e l ( '
Segregated Step 1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . s e t ( '
segvar ' , {}) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds21 ' ) . s e t ( '
segvar ' , {}) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds21 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds31 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds32 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds22 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds33 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds34 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds23 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds35 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds36 ' ) . s e t ( '
segvar ' , { ' comp1 c AH a ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds36 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds24 ' ) . s e t ( '
segvar ' , { ' comp1 c AH d ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds24 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . l a b e l ( 'PARDISO ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
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model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . l a b e l ( 'Geometric
Mul t ig r id ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . s e t ( ' rhob ' , 20) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . l a b e l ( 'Geometric
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . s e t ( ' rhob ' , 20) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t1 ' ) . s e t ( ' stopcondterminateon
' , { ' t rue ' }) ;
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model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t1 ' ) . s e t ( ' stopcondAct ive ' , { '
on ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t1 ' ) . s e t ( ' stopconddesc ' , { '
Stop expr e s s i on 1 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t1 ' ) . s e t ( ' s topcondarr ' , { '
comp1 . c AH a>=55[mol/mˆ3 ] ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t1 ' ) . s e t ( ' s t o r e s t op cond so l ' ,
' s t epbe f o r e ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t2 ' ) . s e t ( ' stopcondterminateon
' , { ' t rue ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t2 ' ) . s e t ( ' stopcondAct ive ' , { '
on ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t2 ' ) . s e t ( ' stopconddesc ' , { '
Stop expr e s s i on 1 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t2 ' ) . s e t ( ' s topcondarr ' , { '
comp1 . minop1 ( comp1 . c AH d )<=0 ' }) ;
model . s o l ( ' s o l 3 ' ) . runAl l ;
model . batch ( 'p1 ' ) . s e t ( ' c on t r o l ' , 'param ' ) ;
model . batch ( 'p1 ' ) . s e t ( 'pname ' , { 'T sub ' }) ;
model . batch ( 'p1 ' ) . s e t ( ' p l i s t a r r ' , { ' range (313 ,10 ,353) ' }) ;
model . batch ( 'p1 ' ) . s e t ( ' punit ' , { 'K ' }) ;
model . batch ( 'p1 ' ) . s e t ( ' e r r ' , t rue ) ;
model . batch ( 'p1 ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' seq ' , ' s o l 3 ' ) ;
model . batch ( 'p1 ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' pso l ' , ' s o l 28 ' ) ;
model . batch ( 'p1 ' ) . f e a t u r e ( ' so1 ' ) . s e t ( 'param ' , { ' ”T sub ” ,”313” ' ' ”T sub
” ,”323” ' ' ”T sub ” ,”333” ' ' ”T sub ” ,”343” ' ' ”T sub ” ,”353” ' }) ;
model . batch ( 'p1 ' ) . attach ( ' std2 ' ) ;
model . batch ( 'p1 ' ) . run ;
model . r e s u l t . datase t ( ' dset3 ' ) . l a b e l ( 'Probe So lu t i on 3 ' ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . l a b e l ( 'Boundary Probe 4 ' ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . s e t ( 'method ' , ' i n t e g r a t i o n ' ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . s e t ( ' i n t o r d e r a c t i v e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . datase t ( ' rev1 ' ) . l a b e l ( ' Revolut ion 2D ' ) ;
model . r e s u l t . datase t ( ' rev1 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev1 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev2 ' ) . l a b e l ( ' Revolut ion 2D 1 ' ) ;
model . r e s u l t . datase t ( ' rev2 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev2 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev3 ' ) . l a b e l ( ' Revolut ion 2D 2 ' ) ;
model . r e s u l t . datase t ( ' rev3 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev3 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' avh3 ' ) . l a b e l ( 'MassFlux AmmoniumHydroxide ' ) ;
model . r e s u l t . datase t ( ' avh3 ' ) . s e t ( 'method ' , ' i n t e g r a t i o n ' ) ;
model . r e s u l t . datase t ( ' avh3 ' ) . s e t ( ' i n t o r d e r a c t i v e ' , t rue ) ;
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model . r e s u l t . datase t ( ' avh3 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh4 ' ) . l a b e l ( 'EvaporativeFlux AmmoniumHydroxide ' )
;
model . r e s u l t . datase t ( ' avh4 ' ) . s e t ( 'method ' , ' i n t e g r a t i o n ' ) ;
model . r e s u l t . datase t ( ' avh4 ' ) . s e t ( ' i n t o r d e r a c t i v e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh4 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . datase t ( ' rev4 ' ) . l a b e l ( ' Revolut ion 2D 3 ' ) ;
model . r e s u l t . datase t ( ' rev4 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev4 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev5 ' ) . l a b e l ( ' Revolut ion 2D 4 ' ) ;
model . r e s u l t . datase t ( ' rev5 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev5 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev6 ' ) . l a b e l ( ' Revolut ion 2D 5 ' ) ;
model . r e s u l t . datase t ( ' rev6 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev6 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev7 ' ) . l a b e l ( ' Revolut ion 2D 6 ' ) ;
model . r e s u l t . datase t ( ' rev7 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev7 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev8 ' ) . l a b e l ( ' Revolut ion 2D 7 ' ) ;
model . r e s u l t . datase t ( ' rev8 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev8 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev9 ' ) . l a b e l ( ' Revolut ion 2D 8 ' ) ;
model . r e s u l t . datase t ( ' rev9 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev9 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev10 ' ) . l a b e l ( ' Revolut ion 2D 9 ' ) ;
model . r e s u l t . datase t ( ' rev10 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev10 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev11 ' ) . l a b e l ( ' Revolut ion 2D 10 ' ) ;
model . r e s u l t . datase t ( ' rev11 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev11 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' avh5 ' ) . l a b e l ( 'MassFlux FormicAcid ' ) ;
model . r e s u l t . datase t ( ' avh5 ' ) . s e t ( 'method ' , ' i n t e g r a t i o n ' ) ;
model . r e s u l t . datase t ( ' avh5 ' ) . s e t ( ' i n t o r d e r a c t i v e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh5 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . l a b e l ( ' EvaporativeFlux FormicAcid ' ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . s e t ( 'method ' , ' i n t e g r a t i o n ' ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . s e t ( ' i n t o r d e r a c t i v e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . datase t ( ' rev12 ' ) . l a b e l ( ' Revolut ion 2D 11 ' ) ;
model . r e s u l t . datase t ( ' rev12 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev12 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev13 ' ) . l a b e l ( ' Revolut ion 2D 12 ' ) ;
model . r e s u l t . datase t ( ' rev13 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev13 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev14 ' ) . l a b e l ( ' Revolut ion 2D 13 ' ) ;
model . r e s u l t . datase t ( ' rev14 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev14 ' ) . s e t ( ' r evang l e ' , 225) ;
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model . r e s u l t . datase t ( ' rev15 ' ) . l a b e l ( ' Revolut ion 2D 14 ' ) ;
model . r e s u l t . datase t ( ' rev15 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev15 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev16 ' ) . l a b e l ( ' Revolut ion 2D 15 ' ) ;
model . r e s u l t . datase t ( ' rev16 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev16 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev17 ' ) . l a b e l ( ' Revolut ion 2D 16 ' ) ;
model . r e s u l t . datase t ( ' rev17 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev17 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev18 ' ) . l a b e l ( ' Revolut ion 2D 17 ' ) ;
model . r e s u l t . datase t ( ' rev18 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev18 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' j o i n 1 ' ) . s e t ( ' s o l u t i o n s 2 ' , ' one ' ) ;
model . r e s u l t . datase t ( ' j o i n 1 ' ) . s e t ( ' outersolnum2 ' , 7) ;
model . r e s u l t . datase t ( ' rev19 ' ) . l a b e l ( ' Revolut ion 2D 18 ' ) ;
model . r e s u l t . datase t ( ' rev19 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev19 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev20 ' ) . l a b e l ( ' Revolut ion 2D 19 ' ) ;
model . r e s u l t . datase t ( ' rev20 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev20 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev21 ' ) . l a b e l ( ' Revolut ion 2D 20 ' ) ;
model . r e s u l t . datase t ( ' rev21 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev21 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev22 ' ) . l a b e l ( ' Revolut ion 2D 21 ' ) ;
model . r e s u l t . datase t ( ' rev22 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev22 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev23 ' ) . l a b e l ( ' Revolut ion 2D 22 ' ) ;
model . r e s u l t . datase t ( ' rev23 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev23 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev24 ' ) . l a b e l ( ' Revolut ion 2D 23 ' ) ;
model . r e s u l t . datase t ( ' rev24 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev24 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev25 ' ) . l a b e l ( ' Revolut ion 2D 24 ' ) ;
model . r e s u l t . datase t ( ' rev25 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev25 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev26 ' ) . l a b e l ( ' Revolut ion 2D 25 ' ) ;
model . r e s u l t . datase t ( ' rev26 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev26 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev27 ' ) . l a b e l ( ' Revolut ion 2D 26 ' ) ;
model . r e s u l t . datase t ( ' rev27 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev27 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . numerica l ( ' pev1 ' ) . s e t ( ' desc r ' , { ' Concentrat ion ' '
Temperature ' }) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . l a b e l ( 'MassFlux AmmoniumHydroxide ' ) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' data ' , ' avh3 ' ) ;
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model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' )
;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' a l l ' }) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' expr ' , { 'mf AH ' }) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' un i t ' , { ' kg /(mˆ2∗ s ) ' }) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' desc r ' , { '
MassFlux AmmoniumHydroxide ' }) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . l a b e l ( 'EvaporativeFlux AmmoniumHydroxide
' ) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' data ' , ' avh4 ' ) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' )
;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' a l l ' }) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' expr ' , { ' h evap AH ' }) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' un i t ' , { 'W/(mˆ2∗K) ' }) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' desc r ' , { '
EvaporativeFlux AmmoniumHydroxide ' }) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . l a b e l ( 'Boundary Probe 4 ' ) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' data ' , ' avh2 ' ) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' )
;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' a l l ' }) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' expr ' , { ' c AH d ' }) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' un i t ' , { 'mol/mˆ3 ' }) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' desc r ' , { ' Concentrat ion ' '
Temperature ' }) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . l a b e l ( 'MassFlux FormicAcid ' ) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' data ' , ' avh5 ' ) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' )
;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' a l l ' }) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' expr ' , { 'mf FA ' }) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' un i t ' , { ' ' }) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' desc r ' , { 'MassFlux FormicAcid ' }) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . l a b e l ( ' EvaporativeFlux FormicAcid ' ) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' data ' , ' avh6 ' ) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' )
;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' a l l ' }) ;
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model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' expr ' , { ' h evap FA ' }) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' un i t ' , { ' ' }) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' desc r ' , { '
EvaporativeFlux FormicAcid ' }) ;
model . r e s u l t . numerica l ( ' av1 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' av1 ' ) . s e t ( ' t ab l e ' , ' tb l 9 ' ) ;
model . r e s u l t . numerica l ( ' av1 ' ) . s e t ( ' expr ' , { ' tds . ndf lux c AH a ' ' tds2 .
ndf lux c AH d ' }) ;
model . r e s u l t . numerica l ( ' av1 ' ) . s e t ( ' un i t ' , { 'mol /(mˆ2∗ s ) ' 'mol /(mˆ2∗ s ) '
}) ;
model . r e s u l t . numerica l ( ' av1 ' ) . s e t ( ' desc r ' , { 'Normal d i f f u s i v e f l u x ' '
Normal d i f f u s i v e f l u x ' }) ;
model . r e s u l t . numerica l ( ' av1 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . numerica l ( 'max1 ' ) . l a b e l ( 'MaxConcAmmonia−Droplet ' ) ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e t ( ' t ab l e ' , ' tb l10 ' ) ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e t ( ' expr ' , { 'maxop1( c AH d ) ' }) ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e t ( ' un i t ' , { 'mol/mˆ3 ' }) ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e t ( ' desc r ' , { ' Concentrat ion ' }) ;
model . r e s u l t . numerica l ( 'max2 ' ) . l a b e l ( 'MaxConcAmmonia−Air ' ) ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e t ( ' t ab l e ' , ' tb l11 ' ) ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e t ( ' expr ' , { 'maxop2( c AH a ) ' ' ' }) ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e t ( ' un i t ' , { 'mol/mˆ3 ' ' ' }) ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e t ( ' desc r ' , { 'Maximum 2 ' ' ' }) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' l a s t ' ' l a s t ' }) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' t ab l e ' , ' tb l12 ' ) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' expr ' , { ' aveop2 (T2) ' ' aveop2 ( sp f2 .U)
' ' aveop2 ( c AH a ) ' }) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' un i t ' , { 'K ' 'm/s ' 'mol/mˆ3 ' }) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' desc r ' , { 'Average 2 ' 'Average 2 ' '
Average 2 ' }) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' intvolume ' , t rue ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { 'manual ' }) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' t ab l e ' , ' tb l13 ' ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' expr ' , { ' aveop3 ( c AH d ) ' }) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' un i t ' , { 'mol/mˆ3 ' }) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' desc r ' , { 'Average 3 ' }) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' i n t e rp ' ' l a s t ' }) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' i n t e rp ' , { ' 169 .31 ' ' ' }) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' t ab l e ' , ' tb l15 ' ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' t a b l e c o l s ' , ' outer ' ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' expr ' , { ' aveop1 ( c AH d ) ' }) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' un i t ' , { 'mol/mˆ3 ' }) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' desc r ' , { 'Average 1 ' }) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' intvolume ' , t rue ) ;
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model . r e s u l t . numerica l ( ' pev1 ' ) . s e tRe su l t ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e tRe su l t ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e tRe su l t ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e tRe su l t ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e tRe su l t ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e tRe su l t ;
model . r e s u l t ( ' pg33 ' ) . l a b e l ( 'Probe Plot Group 33 ' ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' x l ab e l ' , 'Time (ms) ' ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' y l ab e l ' , ' Concentrat ion (mol/mˆ3) , Boundary
Probe 3 ' ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' windowt i t l e ' , 'Probe Plot 1 ' ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' x l a b e l a c t i v e ' , f a l s e ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' y l a b e l a c t i v e ' , f a l s e ) ;
model . r e s u l t ( ' pg33 ' ) . f e a t u r e ( ' tb lp1 ' ) . l a b e l ( 'Probe Table Graph 1 ' ) ;
model . r e s u l t ( ' pg33 ' ) . f e a t u r e ( ' tb lp1 ' ) . s e t ( ' l egend ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . l a b e l ( 'AllDomainTemperature ' ) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' l o o p l e v e l ' , { ' i n t e rp ' ' 1 ' }) ;
model . r e s u l t ( ' pg34 ' ) . s e t Index ( ' i n t e rp ' , ' 145 ' , 0) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' view ' , ' view13 ' ) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' frametype ' , ' geometry ' ) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' showlegendsunit ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e t y p e ' , 'manual ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e ' , ' Temperature (K
) ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangeco lormin ' , 'T amb ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangecolormax ' , 'T sub ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' expr ' , 'T2 ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' t i t l e t y p e ' , ' none ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' rangeco lormin ' , 'T amb ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' rangecolormax ' , 'T sub ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' c o l o r l e g end ' , f a l s e ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 100) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 100) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' white ' ) ;
model . r e s u l t ( ' pg48 ' ) . l a b e l ( ' AllDomainVelocity ' ) ;
model . r e s u l t ( ' pg48 ' ) . s e t ( ' l o o p l e v e l ' , { ' i n t e rp ' ' 5 ' }) ;
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model . r e s u l t ( ' pg48 ' ) . s e t Index ( ' i n t e rp ' , ' 145 ' , 0) ;
model . r e s u l t ( ' pg48 ' ) . s e t ( ' edges ' , f a l s e ) ;
model . r e s u l t ( ' pg48 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . s e t ( ' showlegendsunit ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' sp f .U ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , 'm/s ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e t y p e ' , 'manual ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e ' , ' Ve loc i ty (m/ s )
' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangecolormax ' , 0 . 4 3 ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' expr ' , ' sp f2 .U ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' un i t ' , 'm/s ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' desc r ' , 'Air ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' t i t l e t y p e ' , ' none ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' rangecolormax ' , 0 . 4 3 ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' c o l o r l e g end ' , f a l s e ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' t i t l e t y p e ' , ' none ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( 'xnumber ' , 100) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( 'ynumber ' , 100) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t ( ' pg47 ' ) . l a b e l ( ' Concentrat ion−AmmoniumHydroxide ' ) ;
model . r e s u l t ( ' pg47 ' ) . s e t ( ' l o o p l e v e l ' , { ' i n t e rp ' ' 5 ' }) ;
model . r e s u l t ( ' pg47 ' ) . s e t Index ( ' i n t e rp ' , ' 81 ' , 0) ;
model . r e s u l t ( ' pg47 ' ) . s e t ( ' edges ' , f a l s e ) ;
model . r e s u l t ( ' pg47 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg47 ' ) . s e t ( ' showlegendsunit ' , t rue ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' expr ' , ' c AH d ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' un i t ' , 'M' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' t i t l e t y p e ' , 'manual ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' t i t l e ' , ' Concentrat ion
(M) ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
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model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' rangeco lormin ' , 5 . 6 9 ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' rangecolormax ' , 6 . 0 3 ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' expr ' , ' c AH a ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' un i t ' , 'M' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' t i t l e t y p e ' , 'manual ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' t i t l e ' , ' Concentrat ion
(M) ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' rangeco lormin ' , 5 . 6 9 ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' rangecolormax ' , 5 . 9 4 ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' c o l o r l e g end ' , f a l s e ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . s e t ( ' expr ' , ' c AH d ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . s e t ( ' un i t ' , 'mol/mˆ3 ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . s e t ( ' c o l o r i n g ' , ' uniform ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg49 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg49 ' ) . l a b e l ( ' Concentrat ion−FormicAcid ' ) ;
model . r e s u l t ( ' pg49 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg49 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg49 ' ) . s e t ( ' showlegendsunit ' , t rue ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' expr ' , ' c FA a ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' un i t ' , ' ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' rangecolormax ' , 3 . 6 ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' expr ' , ' c FA d ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' un i t ' , ' ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' rangecolormax ' , 3 . 6 ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' con2 ' ) . s e t ( ' expr ' , ' c FA d ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' con2 ' ) . s e t ( ' un i t ' , ' ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' con2 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' con2 ' ) . s e t ( ' c o l o r i n g ' , ' uniform ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' con2 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg50 ' ) . l a b e l ( 'ParametricSweep ' ) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' data ' , ' j o i n 1 ' ) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' ) ;
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model . r e s u l t ( ' pg50 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' l a s t ' ' a l l ' }) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' x l ab e l ' , ' e l ement s pe r BL th i ckne s s v (Number
o f e lements per boundary l ay e r ) ' ) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' l egendpos ' , ' l owe r r i gh t ' ) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' x l a b e l a c t i v e ' , f a l s e ) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' data ' , ' j o i n 1 ' ) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' l a s t ' '
a l l ' }) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' expr ' , { ' aveop2 (T2) ' ' aveop2
( sp f2 .U) ' ' aveop2 ( c AH a ) ' }) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' un i t ' , { 'K ' 'm/s ' 'mol/mˆ3 '
}) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' desc r ' , { 'Average 2 ' '
Average 2 ' 'Average 2 ' }) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' xdatasolnumtype ' , ' outer ' ) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' l inemarker ' , ' c i r c l e ' ) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( 'markerpos ' , ' datapo int s ' ) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' autoexpr ' , t rue ) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' autouni t ' , t rue ) ;
model . r e s u l t ( ' pg52 ' ) . l a b e l ( ' React ionKinet i c s−Thermal ' ) ;
model . r e s u l t ( ' pg52 ' ) . s e t ( ' l o o p l e v e l ' , [ 6 8 ] ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . l a b e l ( ' Sur face − Thermal ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' l o o p l e v e l ' , [ 6 8 ] ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' rrW thermal (T, c AH d
) ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , 'ReactionRate −
Thermal ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e ' , 'Thermal ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 50) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 50) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' arrowlength ' , ' l o ga r i thmi c ' )
;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' l og range ' , 10) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t ( ' pg53 ' ) . l a b e l ( ' React ionKinet i c s−Pr e c i p i t a t i o n ' ) ;
model . r e s u l t ( ' pg53 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' r rW pre c ip i t a t i on (T,
c AH d ) ' ) ;
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model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , 'ReactionRate −
Pr e c i p i t a t i o n ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangecolormax ' , '
c p r e c i p i t a t i o n ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e ' , 'GrayScale ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 50) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 50) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' arrowlength ' , ' l o ga r i thmi c ' )
;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' l og range ' , 10) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t ( ' pg51 ' ) . l a b e l ( ' React ionKinet i c s−Total ' ) ;
model . r e s u l t ( ' pg51 ' ) . s e t ( ' l o o p l e v e l ' , [ 6 8 ] ) ;
model . r e s u l t ( ' pg51 ' ) . s e t ( ' edges ' , f a l s e ) ;
model . r e s u l t ( ' pg51 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg51 ' ) . s e t ( ' showlegendsunit ' , t rue ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' r rW tota l (T, c AH d ) '
) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , ' r rW tota l (T, c AH d )
' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e t y p e ' , 'manual ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e ' , ' Total r e a c t i on
ra t e (mol /(mˆ3∗ s ) ) ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangeco lormin ' , ' 1 .86 e−12 ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangecolormax ' , '
r r In s t an taneou s ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e r e v ' , t rue ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' t i t l e t y p e ' , ' none ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 50) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 50) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' arrowlength ' , ' l o ga r i thmi c ' )
;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' l og range ' , 10) ;
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model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t ( ' pg54 ' ) . l a b e l ( ' React ionKinet i c s−Total 1 ' ) ;
model . r e s u l t ( ' pg54 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . l a b e l ( ' Sur face − Pre c i p i a t i on ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' r rW pre c ip i t a t i on (T,
c AH d ) ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , 'ReactionRate −
Pr e c i p i t a t i o n ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e ' , 'GrayScale ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e r e v ' , t rue ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 2 ' ) . l a b e l ( ' Sur face − Thermal 1 ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' expr ' , ' rrW thermal (T, c AH d
) ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' un i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' desc r ' , 'ReactionRate −
Thermal ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' c o l o r t a b l e r e v ' , t rue ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 50) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 50) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' arrowlength ' , ' l o ga r i thmi c ' )
;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' l og range ' , 10) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t . export ( ' p lo t1 ' ) . s e t ( ' plotgroup ' , ' pg50 ' ) ;
model . r e s u l t . export ( ' p lo t1 ' ) . s e t ( ' p lo t ' , ' glob1 ' ) ;
model . r e s u l t . export ( ' p lo t1 ' ) . s e t ( ' f i l ename ' , ' /Users /equipment−
d s c f t i r t g a /Desktop/MeshConvergence−Air7e lements v4 . csv ' ) ;
model . r e s u l t . export ( ' p lo t2 ' ) . s e t ( ' plotgroup ' , ' pg50 ' ) ;
model . r e s u l t . export ( ' p lo t2 ' ) . s e t ( ' p lo t ' , ' glob1 ' ) ;
model . r e s u l t . export ( ' p lo t2 ' ) . s e t ( ' f i l ename ' , ' /Users /equipment−
d s c f t i r t g a /Desktop/MeshConvergence−Droplet v2 . csv ' ) ;
model . nodeGroup ( ' grp1 ' ) . l a b e l ( 'Parameters / Var i ab l e s ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' de f au l t ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par2 ' ) ;
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model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par3 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par4 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par5 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par6 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par7 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par8 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par9 ' ) ;
model . nodeGroup ( ' grp2 ' ) . l a b e l ( ' Satura t i onConcent ra t i onCa l cu l a t i on s ' ) ;
model . nodeGroup ( ' grp2 ' ) . add ( ' func ' , ' an3 ' ) ;
model . nodeGroup ( ' grp2 ' ) . add ( ' func ' , ' an4 ' ) ;
model . nodeGroup ( ' grp2 ' ) . add ( ' func ' , ' an5 ' ) ;
model . nodeGroup ( ' grp2 ' ) . add ( ' func ' , ' an6 ' ) ;
model . nodeGroup ( ' grp3 ' ) . l a b e l ( ' React i onKine t i c s ' ) ;
model . nodeGroup ( ' grp3 ' ) . add ( 'param ' , ' par10 ' ) ;
model . nodeGroup ( ' grp3 ' ) . add ( ' func ' , ' an7 ' ) ;
model . nodeGroup ( ' grp3 ' ) . add ( ' func ' , ' an8 ' ) ;
model . nodeGroup ( ' grp3 ' ) . add ( ' func ' , ' an9 ' ) ;
out = model ;
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B.2 Code for Gaitan’s ink simulation




% Model exported on Oct 22 2019 , 14 :05 by COMSOL 5 . 4 . 0 . 2 4 6 .
import com . comsol . model .∗
import com . comsol . model . u t i l .∗
model = ModelUti l . c r e a t e ( 'Model ' ) ;
model . modelPath ( ' /Users /equipment−d s c f t i r t g a /Documents/Users /Avinash
Mamidanna/COMSOL/COMSOL f i l e s / K ine t i c sThe s i s ' ) ;
model . l a b e l ( 'DE−015−EvapModel Thesis v45b−Gai tans Ink v2b h i s to ryTes t .
mph ' ) ;
model . comments ( [ ' un t i t l e d \n\n ' ] ) ;
model . param . group . c r e a t e ( ' par10 ' ) ;
model . param( ' par10 ' ) . s e t ( 'E a W ' , ' 86 .23 [ kJ/mol ] ' ) ;
model . param( ' par10 ' ) . s e t ( 'n W ' , ' 1 .56 ' , 'Order o f r e a c t i on o f Walker ' ' s
ink ' ) ;
model . param( ' par10 ' ) . s e t ( 'k W ' , ' 5 .9 e−4 [ 1 / (M∗ s ) ] ' ) ;
model . param( ' par10 ' ) . s e t ( 'AW ' , ' 3 .399 e9 [ 1 / (M∗ s ) ] ' , 'Pre−exponent i a l
f a c t o r ' ) ;
model . param( ' par10 ' ) . s e t ( ' c p r e c ip i t a t i on W ' , ' 5 . 8 7 [M] ' , 'Ammonia
concent ra t i on at which p r e c i p i t a t i o n occurs ' ) ;
model . param( ' par10 ' ) . s e t ( ' r r In s t an taneou s ' , ' 5 .4445 e3 ' , ' Ins tantaneous
r e a c t i on ra t e at which s i l v e r p r e c i p i t a t e s immediately ' ) ;
model . param( ' par10 ' ) . s e t ( 'E a G ' , ' 104 .19 [ kJ/mol ] ' ) ;
model . param( ' par10 ' ) . s e t ( 'n G ' , ' 1 .77 ' ) ;
model . param( ' par10 ' ) . s e t ( 'k G ' , ' 2 .83 e−3 [ 1 / (M∗ s ) ] ' ) ;
model . param( ' par10 ' ) . s e t ( 'A G ' , ' 7 .433 e12 [ 1 / (M∗ s ) ] ' ) ;
model . param( ' par10 ' ) . s e t ( ' c p r e c i p i t a t i o n G ' , ' 5 .17 [M] ' ) ;
model . param . s e t ( ' ang l e con ta c t ' , ' 75 [ deg ] ' , 'Contact o f d rop l e t on
sub s t r a t e ' ) ;
model . param . s e t ( ' r ad i u s d r op l e t ' , [ ' 22 .5 [ ' nat ive2un icode ( hex2dec ({ ' 00
' 'b5 ' }) , ' unicode ' ) 'm] ' ] , 'Radius o f unimpinge d rop l e t ' ) ;
model . param . s e t ( ' vo lume drop let ' , ' (4/3) ∗ pi ∗( r a d i u s d r op l e t ˆ3) ' , '
Droplet volume unimpinged ' ) ;
model . param . s e t ( ' rad ius impingedDrop le t ' , ' ( (3/ p i ) ∗ vo lume drop let
∗ (1/(2 − 3∗ cos ( ang l e con ta c t ) + ( cos ( ang l e con ta c t ) ) ˆ3) ) ) ˆ(1/3) ' , '
Radius o f impinged drop l e t ' ) ;
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model . param . s e t ( ' s u r f a r e a ' , ' (2∗ pi ∗ rad ius impingedDrop le t ∗
rad ius impingedDrop le t ) /(1+ cos ( ang l e con ta c t ) ) ' , ' Sur face area o f
s e s s i l e d rop l e t ' ) ;
model . param . s e t ( ' h e i g h t Sh i f t z ' , ' rad ius impingedDrop le t ∗ cos (
ang l e con ta c t ) ' , ' Sh i f t in z d i r e c t i o n o f d rop l e t f o r geometry ' ) ;
model . param . s e t ( 'T sub ' , ' 353 [K] ' , ' Substrate temperature ' ) ;
model . param . s e t ( 'T amb ' , ' 298 [K] ' , 'Ambient temeprature ' ) ;
model . param . s e t ( ' alpha ' , ' 0 .01 ' , ' Input f o r c a l c u l a t i n g constant heat
t r a n s f e r c o e f i c i e n t ' ) ;
model . param . s e t ( 'R uni ' , ' 8 .314 [ J/mol/K] ' , ' Univer sa l gas constant ' ) ;
model . param . s e t ( 'M a ' , ' 29 [ g/mol ] ' , 'MW of a i r ' ) ;
model . param . s e t ( 'R g ' , 'R uni/M a ' , ' S p e c i f i c gas constant ' ) ;
model . param . s e t ( ' v g ' , ' 1 .24 [mˆ3/kg ] ' , 'Water vapor s p e c i f i c volume ' ) ;
model . param . s e t ( ' T sa t r e f ' , ' 373 [K] ' , 'Water vapor s a tu r a t i on
temperature ' ) ;
model . param . s e t ( ' h fg ' , ' 2264760 [ J/kg ] ' , ' Latent heat o f vapo r i z a t i on '
) ;
model . param . s e t ( ' h i ' , ' ( (2∗ alpha ∗ h fg ∗ h fg ) ) /((2− alpha ) ∗( v g ∗T sa t r e f
) ∗( s q r t (2∗ pi ∗R g∗T sa t r e f ) ) ) ' , 'Heat t r a n s f e r c o e f f i c i e n t ac ro s L/V
i n t e r f a c e from l i t e r a t u r e ' ) ;
model . param . s e t ( 'M w ' , ' 18 [ g/mol ] ' , 'Mol . wt . o f water ' ) ;
model . param . s e t ( 'D wa ' , ' 2 .61 e−5 [mˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
water in a i r ' ) ;
model . param . s e t ( ' a ' , ' 1 ' , 'Accumulation f a c t o r ' ) ;
model . param . s e t ( ' vo l d r op l e t ' , ' ( p i ∗ ( ( rad ius impingedDrop le t ) ˆ(3) ) )
∗ ( ( ( ( cos ( ang l e con ta c t ) ) ˆ(3) )−(3∗ cos ( ang l e con ta c t ) )+2) /(3∗ ( s i n (
ang l e con ta c t ) ) ˆ(3) ) ) ' , 'Volume o f s e s s i l e d rop l e t ' ) ;
model . param . s e t ( 'BL ' , [ ' 10 [ ' nat ive2un icode ( hex2dec ({ ' 00 ' 'b5 ' }) , '
unicode ' ) 'm] ' ] , 'Constant f o r BL mesh ana lysys ' ) ;
model . param . s e t ( ' e lements ' , ' 5 ' , 'No . o f mesh e lements f o r BL th i ckne s s
a n a l y s i s ' ) ;
model . param . s e t ( 'MaxElementSize ' , 'BL/ elements ' , 'Max. element s i z e
c a l c u l a t i o n or BL mesh ' ) ;
model . param . s e t ( ' p sa t ' , ' ( 610 . 7 [ Pa ] ) ∗10ˆ (7 . 5∗ ( ( T lv −273.15[K] ) /( T lv
−35.85[K] ) ) ) ' , ' Saturat ion p r e s su r e at LV i n t e r f a c e ' ) ;
model . param . s e t ( ' c s a t ' , ' p sa t /( R uni ∗327 . 18 [K] ) ' , ' Saturat ion
concent ra t i on at LV i n t e r f a c e ' ) ;
model . param . s e t ( 'D ww ' , ' 2 .57 e−5[cmˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
water in water ' ) ;
model . param . s e t ( ' T lv ' , ' 327 . 1 8 [K] ' , ' Steady s t a t e average temp at LV
i n t e r a f c e ' ) ;
model . param . s e t ( ' Beta a i r ' , ' 1/T amb ' , 'Thermal expansion c o e f f i c i e n t
o f a i r ' ) ;
model . param . s e t ( ' J w ' , ' −9.618e−4[mol∗mˆ−2∗ s ˆ−1]∗(D wa) ∗(M w) ' ) ;
model . param . s e t ( 'D aa ' , ' 0 .157 [ cmˆ2/ s ] ' , ' Se l f−d i f f u s i o n c o e f f i c i e n t
o f a i r ' ) ;
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model . param . s e t ( ' p sat2 ' , ' ( 610 . 7 [ Pa ] ) ∗10ˆ (7 . 5∗ ( (T amb−273.15[K] ) /(
T amb−35.85[K] ) ) ) ' , ' Saturat ion vapor p r e s su r e at ambient
temperature ' ) ;
model . param . s e t ( 'H ' , ' 0 .2 ' , ' Re la t i v e humidity ' ) ;
model . param . s e t ( ' c i n f ' , ' ( p sa t2 ∗H) /( R const ∗T amb) ' , 'Water vapor
concent ra t i on at i n f i n i t y ' ) ;
model . param . s e t ( 'b ' , ' 610 .7 [ Pa ] ' , 'Constant f o r c a l c u l a t i n g s a tu r a t i on
pr e s su r e ' ) ;
model . param . s e t ( 'D AHa ' , ' 0 .259 [ cmˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
Ammonium Hydroxide in a i r ' ) ;
model . param . s e t ( 'D AHw ' , ' 6 .93 e−5 [ cmˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
Ammonium Hydroxide in water ' ) ;
model . param . s e t ( 'D FAa ' , ' 0 .079 [ cmˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
Formic ac id in a i r ' ) ;
model . param . s e t ( 'D FAw ' , ' 1 .4 e−6 [ cmˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
Formic ac id in water ' ) ;
model . param . s e t ( ' delH vap AH ' , ' 605.384 [ kJ/kg ] ' , 'Enthalpy o f
vapo r i z a t i on o f Formic ac id ' ) ;
model . param . s e t ( ' delH vap FA ' , ' 501.846 [ kJ/kg ] ' , 'Enthalpy o f
vapo r i z a t i on o f Ammonium Hydroxide ' ) ;
model . param . s e t ( 'D EAa ' , ' 0 .0754 [ cmˆ2/ s ] ' ) ;
model . param . s e t ( 'D EAw ' , ' 7 .51 e−6 [ cmˆ2/ s ] ' , ' Di f f u s i on c o e f f i c i e n t o f
Ethylamine in water ' ) ;
model . param . group . c r e a t e ( ' par2 ' ) ;
model . param( ' par2 ' ) . s e t ( 'L ' , ' 10∗ rad ius impingedDrop le t ' , 'Length o f
a i r domain ' ) ;
model . param( ' par2 ' ) . s e t ( 'W' , 'L/2 ' , 'Volume th i c kne s s ' ) ;
model . param( ' par2 ' ) . s e t ( 'DeltaT ' , ' 55 [K] ' , 'Temperature d i f f e r e n c e
between wa l l s ' ) ;
model . param( ' par2 ' ) . s e t ( 'Tc ' , ' 298 [K] ' , 'Temperature o f co ld wa l l ' ) ;
model . param( ' par2 ' ) . s e t ( 'Th ' , 'Tc+DeltaT ' , 'Temperature o f hot wa l l ' ) ;
model . param( ' par2 ' ) . s e t ( 'T avg ' , ' (Tc+Th) /2 ' , 'Average temperature
approximation ' ) ;
model . param( ' par2 ' ) . s e t ( ' p r e f ' , ' 1 [ atm ] ' , ' Reference p r e s su r e ' ) ;
model . param( ' par2 ' ) . s e t ( 'p0 ' , ' 0 [ Pa ] ' , ' Re la t i v e p r e s su r e c on s t r a i n t ' )
;
model . param( ' par2 ' ) . s e t ( ' d t r an g e s t a r t ' , '−2 ' , [ 'Range s t a r t po int t
o f the parametr ic \ rsweep on DeltaT ( log10 o f the value in K) ' ] ) ;
model . param( ' par2 ' ) . s e t ( ' dt range s t op ' , ' 1 ' , 'Range end po int o f the
parametr ic sweep o f DeltaT ' ) ;
model . param( ' par2 ' ) . s e t ( ' r h o a i r ' , ' 1 .225 [ kg/mˆ3 ] ' , ' Density at T avg
at 1 atm ' ) ;
model . param( ' par2 ' ) . s e t ( 'mu ' , ' 1 .789 e−5[N∗ s /mˆ2 ] ' , 'Dynamic v i s c o s i t y
at T avg ' ) ;
model . param( ' par2 ' ) . s e t ( 'k ' , ' 0.02537 [W/(m∗K) ] ' , 'Thermal conduc t i v i t y
at T avg ' ) ;
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model . param( ' par2 ' ) . s e t ( 'Cp ' , ' 1 .005 [ kJ /( kg∗K) ] ' , 'Heat capac i ty at
T avg ' ) ;
model . param( ' par2 ' ) . s e t ( ' alpha1 ' , ' 1/T avg ' , ' Co e f f i c i e n t o f therml
expansion at T avg ' ) ;
model . param( ' par2 ' ) . s e t ( 'U0 ' , ' s q r t ( g cons t ∗ alpha1 ∗DeltaT∗L) ' , ' Typica l
v e l o c i t y due to boyancy ' ) ;
model . param( ' par2 ' ) . s e t ( 'Pr ' , ' (mu∗Cp) /k ' , ' Prandtl number ' ) ;
model . param( ' par2 ' ) . s e t ( 'U1 ' , ' (U0) /( sq r t (Pr ) ) ' , ' Ve loc i ty due to
buoyancy account ing f o r l im i t i n g e f f e c t o f v i s c ou s f o r c e s on
buoyancy ' ) ;
model . param( ' par2 ' ) . s e t ( 'Gr ' , ' (U0∗ r h o a i r ∗L/mu) ˆ2 ' , 'Grashof number ' ) ;
model . param( ' par2 ' ) . s e t ( 'Ra ' , 'Pr∗Gr ' , ' Rayle igh number ' ) ;
model . param( ' par2 ' ) . s e t ( ' ep s t ' , 'L/(Pr∗Ra) ˆ0 .25 ' , 'Thermal boundary
l ay e r th i c kne s s ' ) ;
model . param( ' par2 ' ) . s e t ( ' ep s s ' , ' ep s t ∗ s q r t (Pr ) ' , ' Shear l ay e r
th i c kne s s ' ) ;
model . param . group . c r e a t e ( ' par3 ' ) ;
model . param( ' par3 ' ) . s e t ( 'gamma ' , ' 1 .7 e−4 [N/(m∗K) ] ' , 'Temperature
dependance o f water s u r f a c e t en s i on ' ) ;
model . param( ' par3 ' ) . s e t ( 'DeltaT1 ' , 'DeltaT ' , 'Temperature d i f f e r e n c e
a c r o s s l ength s c a l e ' ) ;
model . param( ' par3 ' ) . s e t ( ' rho water ' , ' 1000 [ kg/mˆ3 ] ' , ' Density o f water
' ) ;
model . param( ' par3 ' ) . s e t ( 'L1 ' , ' rad ius impingedDrop le t ' , 'Length s c a l e ' )
;
model . param( ' par3 ' ) . s e t ( ' U est ' , ' s q r t ( (gamma∗DeltaT1 ) /( rho water ∗L1) ) '
) ;
model . param . group . c r e a t e ( ' par4 ' ) ;
model . param( ' par4 ' ) . s e t ( ' U air ' , ' 2e−4 [m/ s ] ' , 'Max. v e l o c i t y in the
a i r domain ' ) ;
model . param( ' par4 ' ) . s e t ( ' Pe a i r ' , ' (L∗U air ) /D aa ' , 'Pe<<1 , Mass
t ranspor t due to d i f f u s i o n dominates ' ) ;
model . param . group . c r e a t e ( ' par5 ' ) ;
model . param( ' par5 ' ) . s e t ( ' U droplet ' , ' 1 .12 [m/ s ] ' , 'Max. v e l o c i t y in
d rop l e t domain ' ) ;
model . param( ' par5 ' ) . s e t ( ' Pe drop l e t ' , ' (L1∗U droplet ) /D ww ' , 'Pe>>1,
Mass t ranspor t due to convect ion dominates ' ) ;
model . param . group . c r e a t e ( ' par6 ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma1 ' , ' −0.1514e−3 [N/(m∗K) ] ' , 'Marangoni
constant 1 from l i t e r a t u r e ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma2 ' , ' 0.11716 [N/m] ' , 'Marangoni constant
2 from l i t e r a t u r e ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma3 ' , ' −0.165e−3 [N/(m∗K) ] ' , 'Marangoni
constant 1 from Capi l la ryRiseExpt ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma4 ' , ' 0.12964 [N/m] ' , 'Marangoni constant
2 from Capi l la ryRiseExpt − Water ' ) ;
model . param( ' par6 ' ) . s e t ( ' g5 ' , ' −1.2398E−6[N/(m∗Kˆ2) ] ' ) ;
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model . param( ' par6 ' ) . s e t ( ' g6 ' , ' 6 .2491E−4[N/(m∗K) ] ' ) ;
model . param( ' par6 ' ) . s e t ( ' g7 ' , ' 4 .0083 e−3[N/m] ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma5 ' , ' −0.142e−3 [N/(m∗K) ] ' , 'Marangoni
constant 1 from Capi l la ryRiseExpt − Water ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma6 ' , ' 0.10668 [N/m] ' , 'Marangoni constant
2 from Capi l la ryRiseExpt − AmmoniumHydroxide ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma7 ' , ' −1.293e−4 [N/(m∗K) ] ' , 'Marangoni
constant 1 from Eotvos r u l e − Ethylamine ' ) ;
model . param( ' par6 ' ) . s e t ( 'gamma8 ' , ' 0 .0582 [N/m] ' , 'Marangoni constant 2
from Eotvos r u l e − Ethylamine ' ) ;
model . param . group . c r e a t e ( ' par7 ' ) ;
model . param( ' par7 ' ) . s e t ( 'Awater ' , ' 8.071+2.124903 ' , 'Convert to Pa ' ) ;
model . param( ' par7 ' ) . s e t ( 'Bwater ' , ' 1730.63 ' ) ;
model . param( ' par7 ' ) . s e t ( 'Cwater ' , ' 233.426−273 ' , 'Convert to K ' ) ;
model . param( ' par7 ' ) . s e t ( 'AAmmoniumHydroxide ' , ' 6.457+2.124903 ' , '
Convert to Pa ' ) ;
model . param( ' par7 ' ) . s e t ( 'BAmmoniumHydroxide ' , ' 805.049 ' ) ;
model . param( ' par7 ' ) . s e t ( 'CAmmoniumHydroxide ' , ' 228.117−273 ' , 'Convert
to K ' ) ;
model . param( ' par7 ' ) . s e t ( 'AFormicAcid ' , ' 7.3779+2.124903 ' , 'Convert To
Pa ' ) ;
model . param( ' par7 ' ) . s e t ( 'BFormicAcid ' , ' 1563.28 ' ) ;
model . param( ' par7 ' ) . s e t ( 'CFormicAcid ' , ' 247.07−273 ' , 'Convert to K ' ) ;
model . param( ' par7 ' ) . s e t ( 'AEthylamine ' , ' 7.3862+2.124903 ' , 'Convert to
Pa ' ) ;
model . param( ' par7 ' ) . s e t ( 'BEthylamine ' , ' 1137 .3 ' ) ;
model . param( ' par7 ' ) . s e t ( 'CEthylamine ' , ' 235.86−273 ' , 'Convert to K ' ) ;
model . param . group . c r e a t e ( ' par8 ' ) ;
model . param( ' par8 ' ) . s e t ( 'MWA ' , ' 17 .031 [ g/mol ] ' , ' Molecular weight o f
ammonia ' ) ;
model . param( ' par8 ' ) . s e t ( ' rho A ' , ' 0 .73 [ g/ml ] ' , ' Density o f ammonia ' ) ;
model . param( ' par8 ' ) . s e t ( 'MWA1 ' , 'MWA/( rho A ∗1000) [ ml/mol ] ' ) ;
model . param( ' par8 ' ) . s e t ( ' v ink Walkers ' , ' 5 .4 [ ml ] ' , ' Total volume o f
ink ' ) ;
model . param( ' par8 ' ) . s e t ( ' v ammonia ' , ' 5∗0 .3 [ ml ] ' , 'Volume o f ammonia
in ink (30 % in water−5 ml ) ' ) ;
model . param( ' par8 ' ) . s e t ( ' c A drop l e t ' , ' ( v ammonia [ ml ] / ( v ink Walkers
[ ml ]∗MWA1) ) ∗1 [mol/L ] ' , ' Concnetrat ion o f ammonia in d rop l e t ' ) ;
model . param( ' par8 ' ) . s e t ( 'MWFA ' , ' 46 .03 [ g/mol ] ' , ' Molecular weight o f
Formic ac id ' ) ;
model . param( ' par8 ' ) . s e t ( ' rho FA ' , ' 1 .22 [ g/ml ] ' , ' Density o f Formic
ac id ' ) ;
model . param( ' par8 ' ) . s e t ( 'MWFA1 ' , 'MWFA/( rho FA ∗1000) [ ml/mol ] ' ) ;
model . param( ' par8 ' ) . s e t ( 'v FA ' , ' 0 .4 [ ml ] ' , 'Volume o f Formic ac id in
the ink ' ) ;
model . param( ' par8 ' ) . s e t ( ' c FA droplet ' , ' (v FA [ml ] / ( v ink Walkers [ ml
]∗MWFA1) ) ∗1 [mol/L ] ' , ' Concentrat ion o f Formic ac id in d rop l e t ' ) ;
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model . param( ' par8 ' ) . s e t ( 'M c ' , ' 2∗ s q r t (D EAa/( p i ∗ 0 . 2 [ s ] ) ) ' ) ;
model . param( ' par8 ' ) . s e t ( ' p s a t I n i t i a l ' , ' ( 610 . 7 [ Pa ] ) ∗10ˆ (7 . 5∗ ( (T amb
−273.15[K] ) /(T amb−35.85[K] ) ) ) ' ) ;
model . param( ' par8 ' ) . s e t ( ' c s a t I n i t i a l ' , ' ( p s a t I n i t i a l ∗H) /( R const ∗T amb)
' ) ;
model . param( ' par8 ' ) . s e t ( 'MWEA ' , ' 45 .08 [ g/mol ] ' ) ;
model . param( ' par8 ' ) . s e t ( ' rho EA ' , ' 0 .689 [ g/ml ] ' ) ;
model . param( ' par8 ' ) . s e t ( 'MWEA1 ' , 'MWEA/( rho EA ∗1000) [ ml/mol ] ' ) ;
model . param( ' par8 ' ) . s e t ( ' v ink Ga i tans ' , ' 8 .156 [ ml ] ' , ' Total volume o f
ink ' ) ;
model . param( ' par8 ' ) . s e t ( ' v Ethylamine ' , ' 8∗0 .7 [ ml ] ' ) ;
model . param( ' par8 ' ) . s e t ( ' c EA droplet ' , ' ( v Ethylamine [ ml ] / (
v ink Ga i tans [ ml ]∗MWEA1) ) ∗1 [mol/L ] ' ) ;
model . param . group . c r e a t e ( ' par9 ' ) ;
model . param( ' par9 ' ) . s e t ( ' BL th ickness v ' , [ ' 5 [ ' nat ive2un icode ( hex2dec
({ ' 00 ' 'b5 ' }) , ' unicode ' ) 'm] ' ] , 'Varying boundary l ay e r th i c kne s s
f o r parametr ic sweep ' ) ;
model . param( ' par9 ' ) . s e t ( ' e l ement s pe r BL th i ckne s s v ' , ' 5 ' , 'Number o f
e lements per boundary l ay e r ' ) ;
model . param( ' par9 ' ) . s e t ( ' max e l ement s i ze v ' , ' BL th ickness v /
e l ement s pe r BL th i ckne s s v ' , 'Max element s i z e f o r v e l o c i t y
boundary l ay e r ' ) ;
model . param( ' par9 ' ) . s e t ( ' BL th i ckne s s f ' , [ ' 5 [ ' nat ive2un icode ( hex2dec
({ ' 00 ' 'b5 ' }) , ' unicode ' ) 'm] ' ] , ' Fixed boundary l ay e r th i c kne s s f o r
parametr ic sweep ' ) ;
model . param( ' par9 ' ) . s e t ( ' e l emen t s p e r BL th i ckne s s f ' , ' 16 ' ) ;
model . param( ' par9 ' ) . s e t ( ' max e l ement s i z e f ' , ' BL th i ckne s s f /
e l emen t s p e r BL th i ckne s s f ' ) ;
model . param( ' par10 ' ) . l a b e l ( ' React i onKine t i c s ' ) ;
model . param . l a b e l ( ' General parameters ' ) ;
model . param( ' par2 ' ) . l a b e l ( 'Flow i nd i c a t o r s − Air domain ' ) ;
model . param( ' par3 ' ) . l a b e l ( 'Flow i nd i c a t o r s − Droplet domain ' ) ;
model . param( ' par4 ' ) . l a b e l ( ' Di f f u s i on type i nd i c a t o r − Air domain ' ) ;
model . param( ' par5 ' ) . l a b e l ( ' Di f f u s i on typ i nd i c a t o r − Droplet domain ' ) ;
model . param( ' par6 ' ) . l a b e l ( 'MarangoniParameters ' ) ;
model . param( ' par7 ' ) . l a b e l ( 'Antoine cons tant s ' ) ;
model . param( ' par8 ' ) . l a b e l ( ' Conc en t r a t i on In i t i a lCond i t i on s ' ) ;
model . param( ' par9 ' ) . l a b e l ( 'MeshConvergenceStudy ' ) ;
model . component . c r e a t e ( ' comp1 ' , t rue ) ;
model . component ( ' comp1 ' ) . geom . c r e a t e ( 'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . setGroupByType ( t rue ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 1 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' ev l3 ' , 'Table ' ) ;
259
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 2 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 3 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 4 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 5 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 6 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 7 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' ev l2 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 8 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l 9 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l10 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l11 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l12 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l13 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l14 ' , 'Table ' ) ;
model . r e s u l t . t ab l e . c r e a t e ( ' tb l15 ' , 'Table ' ) ;
model . func . c r e a t e ( ' an7 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an8 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an9 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an12 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an13 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an14 ' , ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . func . c r e a t e ( ' an2 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an3 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an4 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an5 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an6 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an10 ' , ' Analyt i c ' ) ;
model . func . c r e a t e ( ' an11 ' , ' Analyt i c ' ) ;
model . func ( ' an7 ' ) . l a b e l ( 'ReactionRate − Thermal − Walkers ' ) ;
model . func ( ' an7 ' ) . s e t ( ' funcname ' , ' rrW thermal ' ) ;
model . func ( ' an7 ' ) . s e t ( ' expr ' , 'AW∗( exp(−(E a W) /( R const ∗T) ) ) ∗ ( ( c AH d
) ˆn W) ' ) ;
model . func ( ' an7 ' ) . s e t ( ' args ' , { 'T ' ' c AH d ' }) ;
model . func ( ' an7 ' ) . s e t ( ' argun i t ' , 'K, mol/mˆ3 ' ) ;
model . func ( ' an7 ' ) . s e t ( ' funun i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . func ( ' an7 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' ; ' c AH d ' ' 0 ' ' 1 ' }) ;
model . func ( ' an8 ' ) . l a b e l ( 'ReactionRate − Pr e c i p i t a t i o n − Walkers ' ) ;
model . func ( ' an8 ' ) . s e t ( ' funcname ' , ' r rW pre c ip i t a t i on ' ) ;
model . func ( ' an8 ' ) . s e t ( ' expr ' , ' i f ( c AH d>c prec ip i ta t i on W ,0 ,
r r In s t an taneou s ) ' ) ;
model . func ( ' an8 ' ) . s e t ( ' args ' , { 'T ' ' c AH d ' }) ;
model . func ( ' an8 ' ) . s e t ( ' argun i t ' , 'K, mol/mˆ3 ' ) ;
model . func ( ' an8 ' ) . s e t ( ' funun i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . func ( ' an8 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' ; ' c AH d ' ' 0 ' ' 1 ' }) ;
model . func ( ' an9 ' ) . l a b e l ( ' Reaction Rate − Total − Walkers ' ) ;
model . func ( ' an9 ' ) . s e t ( ' funcname ' , ' r rW tota l ' ) ;
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model . func ( ' an9 ' ) . s e t ( ' expr ' , ' (AW∗( exp(−(E a W) /( R const ∗T) ) ) ∗ ( (
c AH d ) ˆn W) )+( i f ( c AH d>c prec ip i ta t i on W ,0 , r r In s t an taneou s ) ) ' ) ;
model . func ( ' an9 ' ) . s e t ( ' args ' , { 'T ' ' c AH d ' }) ;
model . func ( ' an9 ' ) . s e t ( ' argun i t ' , 'K, mol/mˆ3 ' ) ;
model . func ( ' an9 ' ) . s e t ( ' funun i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . func ( ' an9 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' ; ' c AH d ' ' 0 ' ' 1 ' }) ;
model . func ( ' an12 ' ) . l a b e l ( 'ReactionRate − Thermal − Gaitans ' ) ;
model . func ( ' an12 ' ) . s e t ( ' funcname ' , ' rrG thermal ' ) ;
model . func ( ' an12 ' ) . s e t ( ' expr ' , 'A G∗( exp(−(E a G ) /( R const ∗T) ) ) ∗ ( (
c EA d ) ˆn G) ' ) ;
model . func ( ' an12 ' ) . s e t ( ' args ' , { 'T ' ' c EA d ' }) ;
model . func ( ' an12 ' ) . s e t ( ' argun i t ' , 'K, mol/mˆ3 ' ) ;
model . func ( ' an12 ' ) . s e t ( ' funun i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . func ( ' an12 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' ; ' c EA d ' ' 0 ' ' 1 ' }) ;
model . func ( ' an13 ' ) . l a b e l ( 'ReactionRate − Pr e c i p i t a t i o n − Gaitans ' ) ;
model . func ( ' an13 ' ) . s e t ( ' funcname ' , ' r rG p r e c i p i t a t i o n ' ) ;
model . func ( ' an13 ' ) . s e t ( ' expr ' , ' i f ( c EA d>c p r e c i p i t a t i on G , 0 ,
r r In s t an taneou s ) ' ) ;
model . func ( ' an13 ' ) . s e t ( ' args ' , { 'T ' ' c EA d ' }) ;
model . func ( ' an13 ' ) . s e t ( ' argun i t ' , 'K, mol/mˆ3 ' ) ;
model . func ( ' an13 ' ) . s e t ( ' funun i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . func ( ' an13 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' ; ' c EA d ' ' 0 ' ' 1 ' }) ;
model . func ( ' an14 ' ) . l a b e l ( ' Reaction Rate − Total − Gaitans ' ) ;
model . func ( ' an14 ' ) . s e t ( ' funcname ' , ' r rG to t a l ' ) ;
model . func ( ' an14 ' ) . s e t ( ' expr ' , ' (A G∗( exp(−(E a G ) /( R const ∗T) ) ) ∗ ( (
c EA d ) ˆn G) )+( i f ( c EA d>c p r e c i p i t a t i on G , 0 , r r In s t an taneou s ) ) ' ) ;
model . func ( ' an14 ' ) . s e t ( ' args ' , { 'T ' ' c EA d ' }) ;
model . func ( ' an14 ' ) . s e t ( ' argun i t ' , 'K, mol/mˆ3 ' ) ;
model . func ( ' an14 ' ) . s e t ( ' funun i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . func ( ' an14 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' ; ' c EA d ' ' 0 ' ' 1 ' }) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . s e t ( ' expr ' , ' ( ( b) ∗10ˆ (7 . 5∗ ( (T
−273.15) /(T−35.85) ) ) ∗H) /( R const ∗T) ' ) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . s e t ( ' funun i t ' , 'mol/mˆ3 ' ) ;
model . component ( ' comp1 ' ) . func ( ' an2 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . func ( ' an3 ' ) . l a b e l ( ' Saturat ionPres sure−Ammonia ' ) ;
model . func ( ' an3 ' ) . s e t ( ' funcname ' , 'psatAH ' ) ;
model . func ( ' an3 ' ) . s e t ( ' expr ' , ' 10ˆ(AAmmoniumHydroxide−(
BAmmoniumHydroxide/(CAmmoniumHydroxide+T) ) ) ' ) ;
model . func ( ' an3 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . func ( ' an3 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . func ( ' an3 ' ) . s e t ( ' funun i t ' , 'Pa ' ) ;
model . func ( ' an3 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . func ( ' an4 ' ) . l a b e l ( ' Saturat ionConcentrat ion−Ammonia ' ) ;
model . func ( ' an4 ' ) . s e t ( ' funcname ' , ' csatAH ' ) ;
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model . func ( ' an4 ' ) . s e t ( ' expr ' , ' ( psatAH(T) ∗H) /( R const ∗T) ' ) ;
model . func ( ' an4 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . func ( ' an4 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . func ( ' an4 ' ) . s e t ( ' funun i t ' , 'mol/mˆ3 ' ) ;
model . func ( ' an4 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . func ( ' an5 ' ) . l a b e l ( ' Saturat ionPres sure−FormicAcid ' ) ;
model . func ( ' an5 ' ) . s e t ( ' funcname ' , 'psatFA ' ) ;
model . func ( ' an5 ' ) . s e t ( ' expr ' , ' 10ˆ(AFormicAcid−(BFormicAcid /(
CFormicAcid+T) ) ) ' ) ;
model . func ( ' an5 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . func ( ' an5 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . func ( ' an5 ' ) . s e t ( ' funun i t ' , 'Pa ' ) ;
model . func ( ' an5 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . func ( ' an6 ' ) . l a b e l ( ' Saturat ionConcentrat ion−FormicAcid ' ) ;
model . func ( ' an6 ' ) . s e t ( ' funcname ' , ' csatFA ' ) ;
model . func ( ' an6 ' ) . s e t ( ' expr ' , ' ( psatFA (T) ∗H) /( R const ∗T) ' ) ;
model . func ( ' an6 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . func ( ' an6 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . func ( ' an6 ' ) . s e t ( ' funun i t ' , 'mol/mˆ3 ' ) ;
model . func ( ' an6 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . func ( ' an10 ' ) . l a b e l ( ' Saturat ionPres sure−Ethylamine ' ) ;
model . func ( ' an10 ' ) . s e t ( ' funcname ' , 'psatEA ' ) ;
model . func ( ' an10 ' ) . s e t ( ' expr ' , ' 10ˆ(AEthylamine−(BEthylamine /(
CEthylamine+T) ) ) ' ) ;
model . func ( ' an10 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . func ( ' an10 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . func ( ' an10 ' ) . s e t ( ' funun i t ' , 'Pa ' ) ;
model . func ( ' an10 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . func ( ' an11 ' ) . l a b e l ( ' Saturat ionConcentrat ion−Ethylamine ' ) ;
model . func ( ' an11 ' ) . s e t ( ' funcname ' , ' csatEA ' ) ;
model . func ( ' an11 ' ) . s e t ( ' expr ' , ' ( psatEA(T) ∗H) /( R const ∗T) ' ) ;
model . func ( ' an11 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . func ( ' an11 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . func ( ' an11 ' ) . s e t ( ' funun i t ' , 'mol/mˆ3 ' ) ;
model . func ( ' an11 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 0 ' ' 1 ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . axisymmetric ( t rue ) ;
model . component ( ' comp1 ' ) . mesh . c r e a t e ( 'mesh1 ' ) ;
model . component ( ' comp1 ' ) . mesh . c r e a t e ( 'mesh2 ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . l engthUnit ( [ nat ive2un icode (
hex2dec ({ ' 00 ' 'b5 ' }) , ' unicode ' ) 'm ' ] ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . c r e a t e ( ' c1 ' , ' Ci r c l e ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' c1 ' ) . l a b e l ( ' c i r c l e ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' c1 ' ) . s e t ( ' pos ' , { ' 0 ' '−
h e i g h t Sh i f t z ' }) ;
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model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' c1 ' ) . s e t ( ' ro t ' , −90) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' c1 ' ) . s e t ( ' r ' , '
rad ius impingedDrop le t ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' c1 ' ) . s e t ( ' ang le ' , 180) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . c r e a t e ( ' r1 ' , ' Rectangle ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r1 ' ) . l a b e l ( '
r e c t c u tC i r c l e ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r1 ' ) . s e t ( ' pos ' , { ' 0 ' '−
rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r1 ' ) . s e t ( ' base ' , '
c en t e r ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r1 ' ) . s e t ( ' s i z e ' , { ' 4∗
rad ius impingedDrop le t ' ' 2∗ rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . c r e a t e ( ' d i f 1 ' , ' Di f f e r e n c e ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' d i f 1 ' ) . s e l e c t i o n ( ' input
' ) . s e t ({ ' c1 ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' d i f 1 ' ) . s e l e c t i o n ( '
input2 ' ) . s e t ({ ' r1 ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . c r e a t e ( ' r2 ' , ' Rectangle ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r2 ' ) . l a b e l ( 'AirDomain ' )
;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r2 ' ) . s e t ( ' s i z e ' , { ' 10∗
rad ius impingedDrop le t ' ' 10∗ rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . c r e a t e ( ' r3 ' , ' Rectangle ' ) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r3 ' ) . l a b e l ( ' Substrate ' )
;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r3 ' ) . s e t ( ' pos ' , { ' 0 ' '
−1∗ rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . f e a t u r e ( ' r3 ' ) . s e t ( ' s i z e ' , { ' 10∗
rad ius impingedDrop le t ' ' 1∗ rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . run ;
model . component ( ' comp1 ' ) . geom( 'geom1 ' ) . run ( ' f i n ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e . c r e a t e ( ' var2 ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e t ( 'mf AH ' , '−( tds .
nt f lux c AH a ) ∗MWA ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e t ( ' h evap AH ' , ' (mf AH∗
delH vap AH ) /( T lv−T amb) ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e t ( 'mf FA ' , '−( tds .
n t f lux c FA a ) ∗MWFA ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e t ( ' h evap FA ' , ' (mf FA∗
delH vap FA ) /( T lv−T amb) ' ) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e l e c t i o n . geom( 'geom1 ' , 1) ;
model . component ( ' comp1 ' ) . v a r i ab l e ( ' var2 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . view . c r e a t e ( ' view2 ' , 3) ;
model . view . c r e a t e ( ' view3 ' , 3) ;
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model . view . c r e a t e ( ' view4 ' , 3) ;
model . view . c r e a t e ( ' view5 ' , 3) ;
model . view . c r e a t e ( ' view6 ' , 3) ;
model . view . c r e a t e ( ' view7 ' , 2) ;
model . view . c r e a t e ( ' view8 ' , 3) ;
model . view . c r e a t e ( ' view9 ' , 3) ;
model . view . c r e a t e ( ' view10 ' , 3) ;
model . view . c r e a t e ( ' view11 ' , 3) ;
model . view . c r e a t e ( ' view12 ' , 3) ;
model . component ( ' comp1 ' ) . view . c r e a t e ( ' view13 ' , 'geom1 ' ) ;
model . view . c r e a t e ( ' view14 ' , 3) ;
model . view . c r e a t e ( ' view15 ' , 3) ;
model . view . c r e a t e ( ' view16 ' , 3) ;
model . view . c r e a t e ( ' view17 ' , 3) ;
model . view . c r e a t e ( ' view18 ' , 3) ;
model . view . c r e a t e ( ' view19 ' , 3) ;
model . view . c r e a t e ( ' view20 ' , 3) ;
model . view . c r e a t e ( ' view21 ' , 3) ;
model . view . c r e a t e ( ' view22 ' , 3) ;
model . view . c r e a t e ( ' view23 ' , 3) ;
model . view . c r e a t e ( ' view24 ' , 3) ;
model . view . c r e a t e ( ' view25 ' , 3) ;
model . view . c r e a t e ( ' view26 ' , 3) ;
model . view . c r e a t e ( ' view27 ' , 3) ;
model . view . c r e a t e ( ' view28 ' , 2) ;
model . view . c r e a t e ( ' view29 ' , 3) ;
model . view . c r e a t e ( ' view30 ' , 3) ;
model . view . c r e a t e ( ' view31 ' , 3) ;
model . view . c r e a t e ( ' view32 ' , 3) ;
model . view . c r e a t e ( ' view33 ' , 3) ;
model . view . c r e a t e ( ' view34 ' , 3) ;
model . component ( ' comp1 ' ) . mate r i a l . c r e a t e ( 'mat1 ' , 'Common ' ) ;
model . component ( ' comp1 ' ) . mate r i a l . c r e a t e ( 'mat5 ' , 'Common ' ) ;
model . mate r i a l . c r e a t e ( 'mat3 ' , 'Common ' , ' ' ) ;
model . component ( ' comp1 ' ) . mate r i a l . c r e a t e ( 'mat6 ' , 'Common ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' eta ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( 'Cp ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' rho ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( 'k ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' cs ' , ' I n t e r p o l a t i o n ' ) ;
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model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' eta ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( 'Cp ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' rho ' , ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( 'k ' , ' Piecewi se ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' cs ' , ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' an1 ' , ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func .
c r e a t e ( ' an2 ' , ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup . c r e a t e ( '
NonlinearModel ' , ' Nonl inear model ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func . c r e a t e ( ' eta ' , '
Piecewi se ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func . c r e a t e ( 'Cp ' , '
Piecewi se ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func . c r e a t e ( ' rho ' , '
Analyt i c ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func . c r e a t e ( 'k ' , ' Piecewi se
' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func . c r e a t e ( ' cs ' , ' Analyt i c
' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup . c r e a t e ( ' Ref rac t i ve Index ' , '
Re f r a c t i v e index ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'maxop1 ' , 'Maximum ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'maxop2 ' , 'Maximum ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'minop1 ' , 'Minimum ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'minop2 ' , 'Minimum ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( ' aveop1 ' , 'Average ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( ' aveop2 ' , 'Average ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( ' intop1 ' , ' I n t e g r a t i on ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( ' intop2 ' , ' I n t e g r a t i on ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( ' aveop3 ' , 'Average ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'maxop3 ' , 'Maximum ' ) ;
model . component ( ' comp1 ' ) . cp l . c r e a t e ( 'minop3 ' , 'Minimum ' ) ;
model . component ( ' comp1 ' ) . cp l ( 'maxop1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . cp l ( 'maxop2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . cp l ( 'minop1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . cp l ( 'minop2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
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model . component ( ' comp1 ' ) . cp l ( ' aveop2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . cp l ( ' intop1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . cp l ( ' intop2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop3 ' ) . s e l e c t i o n . geom( 'geom1 ' , 1) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop3 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . cp l ( 'maxop3 ' ) . s e l e c t i o n . geom( 'geom1 ' , 1) ;
model . component ( ' comp1 ' ) . cp l ( 'maxop3 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . cp l ( 'minop3 ' ) . s e l e c t i o n . geom( 'geom1 ' , 1) ;
model . component ( ' comp1 ' ) . cp l ( 'minop3 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . common . c r e a t e ( ' amth ht ' , '
AmbientThermalProperties ' ) ;
model . component ( ' comp1 ' ) . common . c r e a t e ( ' f r e e 1 ' , 'DeformingDomain ' ) ;
model . component ( ' comp1 ' ) . common( ' f r e e 1 ' ) . s e l e c t i o n . a l l ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' ht ' , ' HeatTrans fe r InFlu ids ' , '
geom1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . c r e a t e ( ' temp1 ' , '
TemperatureBoundary ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' temp1 ' ) . s e l e c t i o n . s e t
( [ 4 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . c r e a t e ( ' hf1 ' , 'HeatFluxBoundary '
, 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' sp f ' , 'LaminarFlow ' , 'geom1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . c r e a t e ( ' wal lbc2 ' , 'WallBC ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . f e a t u r e ( ' wal lbc2 ' ) . s e l e c t i o n .
s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . c r e a t e ( ' prpc1 ' , '
Pres surePo intConst ra int ' , 0) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . f e a t u r e ( ' prpc1 ' ) . s e l e c t i o n . s e t
( [ 5 ] ) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' ht2 ' , ' HeatTrans fe r InFlu ids ' ,
'geom1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' temp1 ' , '
TemperatureBoundary ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp1 ' ) . s e l e c t i o n . s e t
( [ 7 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' temp2 ' , '
TemperatureBoundary ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp2 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' hf1 ' , 'HeatFluxBoundary
' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' open1 ' , 'OpenBoundary ' ,
1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' open1 ' ) . s e l e c t i o n . s e t
( [ 9 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' bhs1 ' , '
BoundaryHeatSource ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' bhs1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . c r e a t e ( ' temp3 ' , '
TemperatureBoundary ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp3 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' sp f2 ' , 'LaminarFlow ' , 'geom1 ' )
;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' e f i 1 ' , '
Ext e rna lF lu i d In t e r f a c e ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' e f i 1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' wal lbc2 ' , 'WallBC ' , 1)
;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' wal lbc2 ' ) . s e l e c t i o n .
s e t ( [ 1 2 3 4 5 8 10 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' open1 ' , 'OpenBoundary '
, 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' open1 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' vf1 ' , 'VolumeForce ' ,
2) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' vf1 ' ) . s e l e c t i o n . s e t
( [ 3 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' out1 ' , 'OutletBoundary
' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' out1 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . c r e a t e ( ' f f i 1 ' , '
F lu i dF l u i d I n t e r f a c e ' , 1) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' tds ' , ' Di lu t edSpec i e s ' , 'geom1
' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f i e l d ( ' concent ra t i on ' ) . f i e l d ( '
c EA a ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f i e l d ( ' concent ra t i on ' ) .
component ({ ' c EA a ' }) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . c r e a t e ( ' conc1 ' , ' Concentrat ion '
, 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . c r e a t e ( ' conc2 ' , ' Concentrat ion '
, 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc2 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . c r e a t e ( ' open1 ' , 'OpenBoundary ' ,
1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' open1 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . c r e a t e ( ' f l 1 ' , 'FluxBoundary ' ,
1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' f l 1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' tds2 ' , ' Di lu t edSpec i e s ' , '
geom1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f i e l d ( ' concent ra t i on ' ) . f i e l d ( '
c EA d ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f i e l d ( ' concent ra t i on ' ) .
component ({ ' c EA d ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . c r e a t e ( ' conc1 ' , ' Concentrat ion
' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' conc1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . c r e a t e ( ' open1 ' , 'OpenBoundary '
, 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' open1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . c r e a t e ( ' f l 1 ' , 'FluxBoundary ' ,
1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . c r e a t e ( ' f l 2 ' , 'FluxBoundary ' ,
1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 2 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s . c r e a t e ( ' tds3 ' , ' Di lu t edSpec i e s ' , '
geom1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f i e l d ( ' concent ra t i on ' ) . f i e l d ( '
c A ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f i e l d ( ' concent ra t i on ' ) .
component ({ ' c A ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . s e l e c t i o n . s e t ( [ 2 3 ] ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . c r e a t e ( 'cdm2 ' , '
Convect ionDi f fus ionMigrat ion ' , 2) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm2 ' ) . s e l e c t i o n . s e t
( [ 3 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . c r e a t e ( ' conc1 ' , ' Concentrat ion
' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' conc1 ' ) . s e l e c t i o n . s e t
( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . c r e a t e ( ' conc2 ' , ' Concentrat ion
' , 1) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' conc2 ' ) . s e l e c t i o n . s e t
( [ 6 9 ] ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s . c r e a t e ( 'me1 ' , ' MarangoniEffect ' ,
1) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( 'me1 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s . c r e a t e ( ' n i t f 1 ' , '
NonIsothermalFlow ' , 2) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s . c r e a t e ( ' r fd1 ' , 'ReactingFlowDS ' ,
2) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd1 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s . c r e a t e ( ' r fd2 ' , 'ReactingFlowDS ' ,
2) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd2 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s . c r e a t e ( ' r fd3 ' , 'ReactingFlowDS ' ,
2) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd3 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' s i z e 1 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' s i z e 2 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' s i z e 3 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' s i z e 4 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' cr1 ' , 'CornerRefinement '
) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' f t r i 1 ' , ' FreeTri ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . c r e a t e ( ' bl1 ' , 'BndLayer ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 1 ' ) . s e l e c t i o n . geom(
'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 1 ' ) . s e l e c t i o n . s e t
( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e l e c t i o n . geom(
'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e l e c t i o n . s e t
( [ 1 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e l e c t i o n . geom(
'geom1 ' , 1) ;
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model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e l e c t i o n . s e t
( [ 7 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 4 ' ) . s e l e c t i o n . geom(
'geom1 ' , 1) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 4 ' ) . s e l e c t i o n . s e t
( [ 4 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n . s e t ( [ 2
3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' f t r i 1 ' ) . s e l e c t i o n . geom(
'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' f t r i 1 ' ) . s e l e c t i o n . s e t
( [ 1 2 3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . s e l e c t i o n . s e t ( [ 2
3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . c r e a t e ( ' blp1 ' , '
BndLayerProp ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . c r e a t e ( ' blp2 ' , '
BndLayerProp ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp1 ' ) .
s e l e c t i o n . s e t ( [ 4 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp2 ' ) .
s e l e c t i o n . s e t ( [ 7 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' s i z e 3 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' fq1 ' , 'FreeQuad ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' fq2 ' , 'FreeQuad ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' bl2 ' , 'BndLayer ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' s i z e 2 ' , ' S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' cr1 ' , 'CornerRefinement '
) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' f t r i 1 ' , ' FreeTri ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' bl1 ' , 'BndLayer ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . c r e a t e ( ' bl3 ' , 'BndLayer ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e l e c t i o n . geom(
'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e l e c t i o n . s e t
( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . s e l e c t i o n . s e t
( [ 3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . c r e a t e ( ' s i z e 1 ' , '
S i z e ' ) ;
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model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . c r e a t e ( ' d i s1 ' , '
Di s t r i bu t i on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' d i s1 ' ) .
s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . s e l e c t i o n . s e t
( [ 1 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . c r e a t e ( ' s i z e 1 ' , '
S i z e ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . c r e a t e ( ' d i s1 ' , '
Di s t r i bu t i on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' d i s1 ' ) .
s e l e c t i o n . s e t ( [ 4 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl2 ' ) . c r e a t e ( ' blp ' , '
BndLayerProp ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl2 ' ) . f e a t u r e ( ' blp ' ) .
s e l e c t i o n . s e t ( [ 4 1 0 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e l e c t i o n . geom(
'geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e l e c t i o n . s e t
( [ 1 3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n . s e t ( [ 2
3 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . s e l e c t i o n . geom( '
geom1 ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . s e l e c t i o n . s e t
( [ 2 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . c r e a t e ( ' blp1 ' , '
BndLayerProp ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp1 ' ) .
s e l e c t i o n . s e t ( [ 4 7 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl3 ' ) . c r e a t e ( ' blp ' , '
BndLayerProp ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl3 ' ) . f e a t u r e ( ' blp ' ) .
s e l e c t i o n . s e t ( [ 7 ] ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd1 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd5 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd2 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd6 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd3 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe . c r e a t e ( 'bnd4 ' , 'Boundary ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
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model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd4 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . r e s u l t . t ab l e ( ' tb l 1 ' ) . l a b e l ( 'Probe Table 1 ' ) ;
model . r e s u l t . t ab l e ( ' ev l3 ' ) . l a b e l ( ' Evaluat ion 3D ' ) ;
model . r e s u l t . t ab l e ( ' ev l3 ' ) . comments ( ' I n t e r a c t i v e 3D va lues ' ) ;
model . r e s u l t . t ab l e ( ' tb l 2 ' ) . comments ( ' Line In t e g r a t i on 1 ( ht . hf1 . h ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 3 ' ) . l a b e l ( 'Table 3 ' ) ;
model . r e s u l t . t ab l e ( ' tb l 3 ' ) . comments ( ' Line Average 1 ( ht . hf1 . h ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 4 ' ) . comments ( ' Line Average 2 (T) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 5 ' ) . comments ( ' Line Average 2 ( at (100 ,T) ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 6 ' ) . comments ( ' Line Average 2 ( at (10 ,T) ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 7 ' ) . comments ( ' Point Evaluat ion 6 ( at (1 ,T) ) ' ) ;
model . r e s u l t . t ab l e ( ' ev l2 ' ) . l a b e l ( ' Evaluat ion 2D ' ) ;
model . r e s u l t . t ab l e ( ' ev l2 ' ) . comments ( ' I n t e r a c t i v e 2D va lues ' ) ;
model . r e s u l t . t ab l e ( ' tb l 8 ' ) . comments ( ' Global Evaluat ion 1 ( an2 (T) ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l 9 ' ) . comments ( ' Line Average 1 ( tds . nt f lux c AH a ,
tds2 . nt f lux c AH d ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l10 ' ) . comments ( ' Sur face Maximum 1 ( c A ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l11 ' ) . comments ( ' Sur face Maximum 2 (maxop2( c AH a )
, ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l12 ' ) . comments ( ' Sur face Average 2 ( aveop1 ( sp f .U) ,
aveop1 ( c AH d ) , minop1 (T) ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l13 ' ) . comments ( ' Line Average 3 ( aveop3 ( c AH d ) ) ' )
;
model . r e s u l t . t ab l e ( ' tb l14 ' ) . comments ( ' Sur face Minimum 1 (minop1 (T) ) ' ) ;
model . r e s u l t . t ab l e ( ' tb l15 ' ) . comments ( ' Sur face Average 4 ( aveop1 (T) ) ' ) ;
model . component ( ' comp1 ' ) . view ( ' view1 ' ) . ax i s . s e t ( 'xmin ' ,
−52.482154846191406) ;
model . component ( ' comp1 ' ) . view ( ' view1 ' ) . ax i s . s e t ( 'xmax ' ,
282.0130615234375) ;
model . component ( ' comp1 ' ) . view ( ' view1 ' ) . ax i s . s e t ( 'ymin ' ,
−35.57728576660156) ;
model . component ( ' comp1 ' ) . view ( ' view1 ' ) . ax i s . s e t ( 'ymax ' ,
242.1551055908203) ;
model . view ( ' view7 ' ) . ax i s . s e t ( 'xmin ' , −0.002499999478459358) ;
model . view ( ' view7 ' ) . ax i s . s e t ( 'xmax ' , 0 .05250000208616257) ;
model . view ( ' view7 ' ) . ax i s . s e t ( 'ymin ' , 24 .99951171875) ;
model . view ( ' view7 ' ) . ax i s . s e t ( 'ymax ' , 10475) ;
model . view ( ' view7 ' ) . ax i s . s e t ( ' v i ewsca l e type ' , ' automatic ' ) ;
model . component ( ' comp1 ' ) . view ( ' view13 ' ) . s e t ( ' showgrid ' , f a l s e ) ;
model . component ( ' comp1 ' ) . view ( ' view13 ' ) . ax i s . s e t ( 'xmin ' ,
−16.331872940063477) ;
272
model . component ( ' comp1 ' ) . view ( ' view13 ' ) . ax i s . s e t ( 'xmax ' ,
53 .8580436706543) ;
model . component ( ' comp1 ' ) . view ( ' view13 ' ) . ax i s . s e t ( 'ymin ' ,
−17.679475784301758) ;
model . component ( ' comp1 ' ) . view ( ' view13 ' ) . ax i s . s e t ( 'ymax ' ,
58 .534210205078125) ;
model . view ( ' view28 ' ) . ax i s . s e t ( 'xmin ' , −42.43891525268555) ;
model . view ( ' view28 ' ) . ax i s . s e t ( 'xmax ' , 341 .514892578125) ;
model . view ( ' view28 ' ) . ax i s . s e t ( 'ymin ' , −82.36394500732422) ;
model . view ( ' view28 ' ) . ax i s . s e t ( 'ymax ' , 371 .0283203125) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . l a b e l ( 'Water , l i q u i d ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . s e t ( ' f ami ly ' , 'water ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' p i e c e s ' , { ' 273 .15 ' ' 413 .15 ' ' 1.3799566804−0.021224019151∗
Tˆ1+1.3604562827E−4∗Tˆ2−4.6454090319E−7∗Tˆ3+8.9042735735E−10∗T
ˆ4−9.0790692686E−13∗Tˆ5+3.8457331488E−16∗Tˆ6 ' ; ' 413 .15 ' ' 553 .75 ' '
0.00401235783−2.10746715E−5∗Tˆ1+3.85772275E−8∗Tˆ2−2.39730284E−11∗Tˆ3
' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' p i e c e s ' , { ' 273 .15 ' ' 553 .75 ' ' 12010.1471−80.4072879∗T
ˆ1+0.309866854∗Tˆ2−5.38186884E−4∗Tˆ3+3.62536437E−7∗Tˆ4 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' p i e c e s ' , { ' 273 .15 ' ' 553 .75 ' ' 838.466135+1.40050603∗T
ˆ1−0.0030112376∗Tˆ2+3.71822313E−7∗Tˆ3 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' p i e c e s ' , { ' 273 .15 ' ' 553 .75 ' ' −0.869083936+0.00894880345∗T
ˆ1−1.58366345E−5∗Tˆ2+7.97543259E−9∗Tˆ3 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' t ab l e ' , { ' 273 ' ' 1403 ' ; . . .
' 278 ' ' 1427 ' ; . . .
' 283 ' ' 1447 ' ; . . .
' 293 ' ' 1481 ' ; . . .
' 303 ' ' 1507 ' ; . . .
' 313 ' ' 1526 ' ; . . .
' 323 ' ' 1541 ' ; . . .
' 333 ' ' 1552 ' ; . . .
' 343 ' ' 1555 ' ; . . .
' 353 ' ' 1555 ' ; . . .
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' 363 ' ' 1550 ' ; . . .
' 373 ' ' 1543 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' i n t e rp ' , ' p i e c ew i s e cub i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dynamicv i s cos i ty ' , ' eta (T[1/K] ) [ Pa∗ s ] ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
r a t i o o f s p e c i f i c h e a t ' , ' 1 .0 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
e l e c t r i c c o n d u c t i v i t y ' , { ' 5 .5 e−6[S/m] ' ' 0 ' ' 0 ' ' 0 ' ' 5 .5 e−6[S/m] ' ' 0 '
' 0 ' ' 0 ' ' 5 .5 e−6[S/m] ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
heatcapac i ty ' , 'Cp(T[1/K] ) [ J /( kg∗K) ] ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dens i ty ' , ' 961 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
the rma lconduct iv i ty ' , { 'k (T[1/K] ) [W/(m∗K) ] ' ' 0 ' ' 0 ' ' 0 ' 'k (T[1/K] ) [W
/(m∗K) ] ' ' 0 ' ' 0 ' ' 0 ' 'k (T[1/K] ) [W/(m∗K) ] ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
soundspeed ' , ' cs (T[1/K] ) [m/ s ] ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . propertyGroup ( ' de f ' ) . addInput
( ' temperature ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat1 ' ) . materialType ( ' nonSol id ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . l a b e l ( 'Air ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . s e t ( ' f ami ly ' , ' a i r ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . s e t ( ' groups ' , { ' gase s ' 'Gases
' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' p i e c e s ' , { ' 200 .0 ' ' 1600 .0 ' ' −8.38278E−7+8.35717342E−8∗T
ˆ1−7.69429583E−11∗Tˆ2+4.6437266E−14∗Tˆ3−1.06585607E−17∗Tˆ4 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
eta ' ) . s e t ( ' funun i t ' , 'Pa∗ s ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' p i e c e s ' , { ' 200 .0 ' ' 1600 .0 ' ' 1047.63657−0.372589265∗T
ˆ1+9.45304214E−4∗Tˆ2−6.02409443E−7∗Tˆ3+1.2858961E−10∗Tˆ4 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp
' ) . s e t ( ' funun i t ' , 'J/( kg∗K) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' expr ' , 'pA∗0.02897/ R const [K∗mol/J ] /T ' ) ;
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model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' args ' , { 'pA ' 'T ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' dermethod ' , 'manual ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' argder s ' , { 'pA ' 'd(pA∗0.02897/ R const /T,pA) ' ; 'T ' 'd(pA
∗0.02897/ R const /T,T) ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' argun i t ' , 'Pa ,K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' funun i t ' , ' kg/mˆ3 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
rho ' ) . s e t ( ' p l o t a r g s ' , { 'pA ' ' 0 ' ' 1 ' ; 'T ' ' 0 ' ' 1 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' arg ' , 'T ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' p i e c e s ' , { ' 200 .0 ' ' 1600 .0 ' ' −0.00227583562+1.15480022E−4∗T
ˆ1−7.90252856E−8∗Tˆ2+4.11702505E−11∗Tˆ3−7.43864331E−15∗Tˆ4 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( 'k '
) . s e t ( ' funun i t ' , 'W/(m∗K) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' expr ' , ' s q r t ( 1 . 4∗ R const [K∗mol/J ]/0 . 02897∗T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' args ' , { 'T ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' dermethod ' , 'manual ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' funun i t ' , 'm/s ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs
' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 273 .15 ' ' 373 .15 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . l a b e l ( ' Analyt i c ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' funcname ' , ' alpha p ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' expr ' , '−1/rho (pA,T) ∗d( rho (pA,T) ,T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' args ' , { 'pA ' 'T ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' argun i t ' , 'Pa , K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' funun i t ' , ' 1/K ' ) ;
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model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an1 ' ) . s e t ( ' p l o t a r g s ' , { 'pA ' ' 101325 ' ' 101325 ' ; 'T ' ' 273 .15 ' ' 373 .15 '
}) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' funcname ' , 'muB ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' expr ' , ' 0 .6∗ eta (T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' args ' , { 'T ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' argun i t ' , 'K ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' funun i t ' , 'Pa∗ s ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . func ( '
an2 ' ) . s e t ( ' p l o t a r g s ' , { 'T ' ' 200 ' ' 1600 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
t h e rma l e xpan s i on c o e f f i c i e n t ' , ' ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
molarmass ' , ' ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
bu l k v i s c o s i t y ' , ' ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
t h e rma l e xpan s i on c o e f f i c i e n t ' , { ' alpha p (pA,T) ' ' 0 ' ' 0 ' ' 0 ' ' alpha p (
pA,T) ' ' 0 ' ' 0 ' ' 0 ' ' alpha p (pA,T) ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
molarmass ' , ' 0.02897 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
bu l k v i s c o s i t y ' , 'muB(T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dynamicv i s cos i ty ' , ' eta (T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
r a t i o o f s p e c i f i c h e a t ' , ' 1 .4 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
e l e c t r i c c o n d u c t i v i t y ' , { ' 0 [ S/m] ' ' 0 ' ' 0 ' ' 0 ' ' 0 [ S/m] ' ' 0 ' ' 0 ' ' 0 ' '
0 [ S/m] ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
heatcapac i ty ' , 'Cp(T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dens i ty ' , ' rho (pA,T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
the rma lconduct iv i ty ' , { 'k (T) ' ' 0 ' ' 0 ' ' 0 ' 'k (T) ' ' 0 ' ' 0 ' ' 0 ' 'k (T) '
}) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
soundspeed ' , ' cs (T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . addInput
( ' temperature ' ) ;
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model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( ' de f ' ) . addInput
( ' pr e s su r e ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . propertyGroup ( 'NonlinearModel
' ) . s e t ( 'BA ' , ' ( de f . gamma+1)/2 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat5 ' ) . materialType ( ' nonSol id ' ) ;
model . mate r i a l ( 'mat3 ' ) . l a b e l ( 'Air 1 ' ) ;
model . mate r i a l ( 'mat3 ' ) . s e t ( ' f ami ly ' , ' a i r ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' eta ' ) . s e t ( ' arg ' , 'T ' )
;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' eta ' ) . s e t ( ' p i e c e s ' , {
' 200 .0 ' ' 1600 .0 ' ' −8.38278E−7+8.35717342E−8∗Tˆ1−7.69429583E−11∗T
ˆ2+4.6437266E−14∗Tˆ3−1.06585607E−17∗Tˆ4 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp ' ) . s e t ( ' arg ' , 'T ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( 'Cp ' ) . s e t ( ' p i e c e s ' , { '
200 .0 ' ' 1600 .0 ' ' 1047.63657−0.372589265∗Tˆ1+9.45304214E−4∗T
ˆ2−6.02409443E−7∗Tˆ3+1.2858961E−10∗Tˆ4 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' rho ' ) . s e t ( ' expr ' , 'pA
∗0 .02897/8 .314/T ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' rho ' ) . s e t ( ' args ' , { '
pA ' 'T ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' rho ' ) . s e t ( ' dermethod '
, 'manual ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' rho ' ) . s e t ( ' argder s ' ,
{ 'pA ' 'd(pA∗0 .02897/8 .314/T,pA) ' ; 'T ' 'd(pA∗0 .02897/8 .314/T,T) ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' rho ' ) . s e t ( ' p l o t a r g s ' ,
{ 'pA ' ' 0 ' ' 1 ' ; 'T ' ' 0 ' ' 1 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( 'k ' ) . s e t ( ' arg ' , 'T ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( 'k ' ) . s e t ( ' p i e c e s ' , { '
200 .0 ' ' 1600 .0 ' ' −0.00227583562+1.15480022E−4∗Tˆ1−7.90252856E−8∗T
ˆ2+4.11702505E−11∗Tˆ3−7.43864331E−15∗Tˆ4 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs ' ) . s e t ( ' expr ' , '
s q r t (1 .4∗287∗T) ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs ' ) . s e t ( ' args ' , { 'T '
}) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs ' ) . s e t ( ' dermethod ' ,
'manual ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs ' ) . s e t ( ' argder s ' , {
'T ' 'd( sq r t (1 .4∗287∗T) ,T) ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . func ( ' cs ' ) . s e t ( ' p l o t a r g s ' ,
{ 'T ' ' 0 ' ' 1 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' r e l p e rmeab i l i t y ' , { ' 1 '
' 0 ' ' 0 ' ' 0 ' ' 1 ' ' 0 ' ' 0 ' ' 0 ' ' 1 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' r e l p e rm i t t i v i t y ' , { ' 1 '
' 0 ' ' 0 ' ' 0 ' ' 1 ' ' 0 ' ' 0 ' ' 0 ' ' 1 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' dynamicv i s cos i ty ' , '
eta (T[1/K] ) [ Pa∗ s ] ' ) ;
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model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' r a t i o o f s p e c i f i c h e a t ' ,
' 1 .4 ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' e l e c t r i c c o n d u c t i v i t y ' ,
{ ' 0 [ S/m] ' ' 0 ' ' 0 ' ' 0 ' ' 0 [ S/m] ' ' 0 ' ' 0 ' ' 0 ' ' 0 [ S/m] ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' heatcapac i ty ' , 'Cp(T
[1/K] ) [ J /( kg∗K) ] ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' dens i ty ' , ' rho (pA[1/Pa
] ,T[1/K] ) [ kg/mˆ3 ] ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' the rma lconduct iv i ty ' ,
{ 'k (T[1/K] ) [W/(m∗K) ] ' ' 0 ' ' 0 ' ' 0 ' 'k (T[1/K] ) [W/(m∗K) ] ' ' 0 ' ' 0 ' ' 0 ' '
k (T[1/K] ) [W/(m∗K) ] ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . s e t ( ' soundspeed ' , ' cs (T[1/K
] ) [m/ s ] ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . addInput ( ' temperature ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' de f ' ) . addInput ( ' pr e s su r e ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' Ref rac t i ve Index ' ) . s e t ( 'n ' , ' ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' Ref rac t i ve Index ' ) . s e t ( ' k i ' , ' ' ) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' Ref rac t i ve Index ' ) . s e t ( 'n ' , { ' 1 ' '
0 ' ' 0 ' ' 0 ' ' 1 ' ' 0 ' ' 0 ' ' 0 ' ' 1 ' }) ;
model . mate r i a l ( 'mat3 ' ) . propertyGroup ( ' Ref rac t i ve Index ' ) . s e t ( ' k i ' , { ' 0 '
' 0 ' ' 0 ' ' 0 ' ' 0 ' ' 0 ' ' 0 ' ' 0 ' ' 0 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . l a b e l ( 'Ammonium Hydroxide ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
the rma lconduct iv i ty ' , { ' 0 .4791 ' ' 0 ' ' 0 ' ' 0 ' ' 0 .4791 ' ' 0 ' ' 0 ' ' 0 ' '
0 .4791 ' }) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dens i ty ' , ' 880 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
heatcapac i ty ' , ' cp AmmoniumHydroxide (T) ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
r a t i o o f s p e c i f i c h e a t ' , ' 1 .4 ' ) ;
model . component ( ' comp1 ' ) . mate r i a l ( 'mat6 ' ) . propertyGroup ( ' de f ' ) . s e t ( '
dynamicv i s cos i ty ' , ' 9 .856 e−4 ' ) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop1 ' ) . s e t ( ' axisym ' , t rue ) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop2 ' ) . s e t ( ' axisym ' , t rue ) ;
model . component ( ' comp1 ' ) . cp l ( ' intop1 ' ) . s e t ( ' axisym ' , t rue ) ;
model . component ( ' comp1 ' ) . cp l ( ' intop2 ' ) . s e t ( ' axisym ' , t rue ) ;
model . component ( ' comp1 ' ) . cp l ( ' aveop3 ' ) . s e t ( ' axisym ' , t rue ) ;
model . component ( ' comp1 ' ) . common( ' amth ht ' ) . l a b e l ( 'Ambient Thermal
Prope r t i e s ( ht ) ' ) ;
model . common( ' cminpt ' ) . l a b e l ( 'Common model inputs 1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . l a b e l ( 'Heat Trans fe r in the
d rop l e t domain ' ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( 'BackCompStateT ' , 0) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( ' Tref ' , 'T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . prop ( ' Con s i s t e n t S t ab i l i z a t i o n ' ) .
s e t ( ' gl im ' , ' ( 0 . 0 1 [K] ) /ht . helem ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . prop ( ' Rad ia t i onSe t t ing s ' ) . s e t ( '
opaque ' , ' ht . d f l topaque ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' Tin i t ' ,
298) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' i d i 1 ' ) . f e a t u r e ( ' l opac1 '
) . l a b e l ( ' Layer Opacity ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' temp1 ' ) . s e t ( 'T0 ' , '
T sub ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'HeatFluxType
' , 'ConvectiveHeatFlux ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( ' q0 ' , ' −230[
kW/mˆ2 ] ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( ' materialType
' , ' from mat ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
HeatTrans f e rCoe f f i c i entType ' , ' ExtNaturalConvection ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
ExtNaturalConvectionType ' , ' Sphere ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
ExternalFluidType ' , 'FromList ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'h ' , 5180) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'Dsph ' , '
rad ius impingedDrop le t ∗2 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'matList ' , '
mat1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . l a b e l ( 'Laminar Flow in the
d rop l e t domain ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . f e a t u r e ( ' wal lbc2 ' ) . s e t ( '
BoundaryCondition ' , ' S l i p ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . l a b e l ( 'Heat Trans fe r in the a i r
domain ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( 'hasDG ' , t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( ' Tref ' , 'T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' Tin i t ' , '
T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp1 ' ) . s e t ( 'T0 ' , '
T sub ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp2 ' ) . s e t ( 'T0 ' , '
T amb ' ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
HeatFluxType ' , 'ConvectiveHeatFlux ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( ' q0 ' , ' ht .
hf1 . h expr ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
ExtNaturalConvectionType ' , ' Sphere ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
IntNaturalConvectionType ' , 'NarrowChimneyCircularTube ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'h ' , ' ht . hf1
. h expr ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( 'Dsph ' , '
rad ius impingedDrop le t ∗2 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( '
materialType ' , ' from mat ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' open1 ' ) . s e t ( 'T0 ' , '
T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' bhs1 ' ) . s e t ( 'Qb ' , 'mf∗
h fg ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' bhs1 ' ) . s e t ( '
materialType ' , ' from mat ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' bhs1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' temp3 ' ) . s e t ( 'T0 ' , 'T ' )
;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . l a b e l ( 'Laminar Flow in the a i r
domain ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( ' r r e f ' , { ' 0 ' ; ' 0 ' ; ' 10∗ rad ius impingedDrop le t ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . prop ( ' PhysicalModelProperty ' ) .
s e t ( ' Tref ' , 'T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' fp1 ' ) . s e t ( '
minput temperature ' , 'T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' e f i 1 ' ) . s e t ( '
minput temperature ' , ' 293 .15 [K] ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' e f i 1 ' ) . s e t ( 'Mf ' , '−
tds . n t f l u x c ∗M w ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' e f i 1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' wal lbc2 ' ) . s e t ( '
BoundaryCondition ' , ' S l i p ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' open1 ' ) . s e t ( '
BoundaryCondition ' , ' NoViscousStress ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' open1 ' ) . a c t i v e ( f a l s e )
;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' vf1 ' ) . s e t ( 'F ' , { ' 0 ' ;
' 0 ' ; '−g cons t ∗ sp f2 . rho∗Beta a i r ∗(T2−T amb) ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f2 ' ) . f e a t u r e ( ' f f i 1 ' ) . a c t i v e ( f a l s e ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . l a b e l ( ' Transport o f Di luted
Spec i e s − Air ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
Di f f u s i o nMa t e r i a l L i s t ' , 'mat5 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( 'D c EA a ' ,
{ 'D EAa ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D EAa ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D EAa ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' i n i t c ' , '
c s a t I n i t i a l ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' s p e c i e s ' ,
t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' c0 ' , ' i f (
csatAH (T)>maxop1( c AH d ) ,maxop1( c AH d ) , csatAH(T) ) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc2 ' ) . s e t ( ' s p e c i e s ' ,
t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' conc2 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' open1 ' ) . s e t ( ' c0 ' , ' i f (
csatAH (T)>c AH d , c AH d , csatAH (T) ) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' open1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( ' s p e c i e s ' ,
t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( ' J0 ' , 'M c∗(
csatEA (T)−c s a t I n i t i a l ) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . l a b e l ( ' Transport o f Di luted
Spec i e s − Droplet ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
Di f f u s i o nMa t e r i a l L i s t ' , 'mat1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( 'D c EA d '
, { 'D EAw ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D EAw ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D EAw ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' i n i t c ' ,
' c EA droplet ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' s p e c i e s '
, t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' c0 ' , '
csatAH (T) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' conc1 ' ) . a c t i v e ( f a l s e )
;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' open1 ' ) . s e t ( ' c0 ' , '
csatAH (T) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' open1 ' ) . a c t i v e ( f a l s e )
;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( 'FluxType ' ,
' ExternalConvect ion ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( ' s p e c i e s ' ,
t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( ' kc ' , 1) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . s e t ( ' cb ' , '
csatAH (T) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 2 ' ) . s e t ( ' s p e c i e s ' ,
t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( ' f l 2 ' ) . s e t ( ' J0 ' , '−M c
∗( csatEA (T)−c s a t I n i t i a l ) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . l a b e l ( ' Transport o f Di luted
Spec ie s−Droplet&Air ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
Di f f u s i o nMa t e r i a l L i s t ' , 'mat1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( 'D c A ' , {
'D AHw ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHw ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHw ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' i n i t c ' ,
' c A drop l e t ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm2 ' ) . s e t ( '
Di f f u s i o nMa t e r i a l L i s t ' , 'mat5 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm2 ' ) . s e t ( 'D c A ' , {
'D AHa ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHa ' ; ' 0 ' ; ' 0 ' ; ' 0 ' ; 'D AHa ' }) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' s p e c i e s '
, t rue ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' conc1 ' ) . s e t ( ' c0 ' , ' i f
( c A>5 . 9 , 60 . 9 [ mol/mˆ3 ] , 1 0 [ mol/mˆ3 ] ) ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( ' conc2 ' ) . s e t ( ' s p e c i e s '
, t rue ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( 'me1 ' ) . s e t ( ' sigma ' , ' (gamma7∗T)+
gamma8 ' ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' n i t f 1 ' ) . l a b e l ( ' Nonisothermal
Flow − Droplet ' ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd1 ' ) . s e t ( ' F lu id phy s i c s ' , '
sp f2 ' ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd2 ' ) . s e t ( ' Spe c i e s phy s i c s ' , '
tds2 ' ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd3 ' ) . s e t ( ' Spe c i e s phy s i c s ' , '
tds3 ' ) ;
model . component ( ' comp1 ' ) . mu l t iphys i c s ( ' r fd3 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e ' ) . s e t ( ' hauto ' , 4) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e ' ) . s e t ( ' t ab l e ' , '
c fd ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 1 ' ) . s e t ( ' hauto ' , 2)
;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 1 ' ) . s e t ( ' t ab l e ' , '
c fd ' ) ;
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model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' hauto ' , 2)
;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( ' hauto ' , 2)
;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( ' t ab l e ' , '
c fd ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 4 ' ) . s e t ( ' hauto ' , 1)
;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' s i z e 4 ' ) . s e t ( ' t ab l e ' , '
c fd ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n ( '
boundary ' ) . s e t ( [ 4 7 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . s e t ( ' sharpcorne r s
' , ' tr im ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp1 ' ) .
s e t ( ' b l n l a y e r s ' , 2) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp1 ' ) .
s e t ( ' blhminfact ' , 5) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp2 ' ) .
s e t ( ' b l n l a y e r s ' , 1) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp2 ' ) .
s e t ( ' blhminfact ' , 10) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh1 ' ) . run ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e ' ) . l a b e l ( '
GlobalMeshSize ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e ' ) . s e t ( ' custom ' , '
on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e ' ) . s e t ( 'hmax ' , 5) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e ' ) . s e t ( 'hmin ' ,
0 . 0757) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . l a b e l ( '
DropletDomain−MeshSize ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( ' custom ' , '
on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( 'hmax ' , '
max e l ement s i z e f ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( ' hmaxactive
' , t rue ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( 'hmin ' ,
0 . 0757) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 3 ' ) . s e t ( ' hminact ive
' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . l a b e l ( ' Free Quad−
AirDomin ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
l a b e l ( 'AirDomain−MeshSize ' ) ;
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model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' custom ' , ' on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( 'hmax ' , ' max e l ement s i ze v ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' hmaxactive ' , t rue ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( 'hmin ' , 0 . 0757) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' hminact ive ' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' d i s1 ' ) .
a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq1 ' ) . f e a t u r e ( ' d i s1 ' ) .
s e t ( 'numelem ' , 25) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . l a b e l ( ' Free Quad−
Substrate ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
l a b e l ( ' SubstrateDomain−MeshSize ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' custom ' , ' on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( 'hmax ' , 5) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' hmaxactive ' , t rue ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( 'hmin ' , 0 . 0757) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' s i z e 1 ' ) .
s e t ( ' hminact ive ' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' d i s1 ' ) .
a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' fq2 ' ) . f e a t u r e ( ' d i s1 ' ) .
s e t ( 'numelem ' , 25) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' hauto ' , 4)
;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' custom ' , '
on ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' t ab l e ' , '
c fd ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( 'hmax ' , 50)
;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' hmaxactive
' , t rue ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( 'hmin ' ,
0 . 2 3 ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' hgrad ' ,
1 . 1 3 ) ;
284
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( ' hminact ive
' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( '
hcurveac t i ve ' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( '
hnarrowact ive ' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' s i z e 2 ' ) . s e t ( '
hgradact ive ' , f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' cr1 ' ) . s e l e c t i o n ( '
boundary ' ) . s e t ( [ 4 7 ] ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' f t r i 1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . s e t ( ' sharpcorne r s
' , ' tr im ' ) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . f e a t u r e ( ' bl1 ' ) . f e a t u r e ( ' blp1 ' ) .
s e t ( ' blhminfact ' , 5) ;
model . component ( ' comp1 ' ) . mesh ( 'mesh2 ' ) . run ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . l a b e l ( '
MassFlux AmmoniumHydroxide ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' expr ' , 'mf AH ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' un i t ' , ' kg /(mˆ2∗ s ) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' desc r ' , '
MassFlux AmmoniumHydroxide ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd1 ' ) . s e t ( ' un i t ' , ' kg /(mˆ2∗ s ) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . l a b e l ( 'MassFlux FormicAcid ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' expr ' , 'mf FA ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' un i t ' , ' kg /(mˆ2∗ s ) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' desc r ' , '
MassFlux FormicAcid ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd5 ' ) . s e t ( ' un i t ' , ' kg /(mˆ2∗ s ) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . l a b e l ( '
EvaporativeFlux AmmoniumHydroxide ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' expr ' , ' h evap AH ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' un i t ' , 'W/(mˆ2∗K) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
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model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' desc r ' , '
EvaporativeFlux AmmoniumHydroxide ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd2 ' ) . s e t ( ' un i t ' , 'W/(mˆ2∗K) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . l a b e l ( '
EvaporativeFlux FormicAcid ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' expr ' , ' h evap FA ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' un i t ' , 'W/(mˆ2∗K) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' desc r ' , '
EvaporativeFlux FormicAcid ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd6 ' ) . s e t ( ' un i t ' , 'W/(mˆ2∗K) ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' expr ' , ' c AH a ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' un i t ' , 'mol/mˆ3 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' un i t ' , 'mol/mˆ3 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd4 ' ) . a c t i v e ( f a l s e ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd4 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd4 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd4 ' ) . s e t ( 'window ' , 'window1 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' T i n i t s r c '
, ' root . comp1 . amth ht . T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( ' Text s rc ' , '
root . comp1 . amth ht . T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' sp f ' ) . f e a t u r e ( ' fp1 ' ) . s e t ( '
minput temperature src ' , ' root . comp1 .T ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' i n i t 1 ' ) . s e t ( ' T i n i t s r c
' , ' root . comp1 . amth ht . T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' ht2 ' ) . f e a t u r e ( ' hf1 ' ) . s e t ( ' Text s rc ' ,
' root . comp1 . amth ht . T amb ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
minput temperature src ' , ' root . comp1 .T2 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds2 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
minput temperature src ' , ' root . comp1 . n i t f 1 .T ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( '
minput temperature src ' , ' root . comp1 .T ' ) ;
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model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm1 ' ) . s e t ( ' u s r c ' , '
root . comp1 . u ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm2 ' ) . s e t ( '
minput temperature src ' , ' root . comp1 .T2 ' ) ;
model . component ( ' comp1 ' ) . phys i c s ( ' tds3 ' ) . f e a t u r e ( 'cdm2 ' ) . s e t ( ' u s r c ' , '
root . comp1 . u2 ' ) ;
model . study . c r e a t e ( ' std1 ' ) ;
model . study ( ' std1 ' ) . c r e a t e ( ' s t a t ' , ' Stat i onary ' ) ;
model . study ( ' std1 ' ) . c r e a t e ( ' time ' , ' Trans ient ' ) ;
model . study . c r e a t e ( ' std2 ' ) ;
model . study ( ' std2 ' ) . c r e a t e ( 'param ' , ' Parametric ' ) ;
model . study ( ' std2 ' ) . c r e a t e ( ' time ' , ' Trans ient ' ) ;
model . s o l . c r e a t e ( ' s o l 1 ' ) ;
model . s o l ( ' s o l 1 ' ) . study ( ' std1 ' ) ;
model . s o l ( ' s o l 1 ' ) . attach ( ' std1 ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' s t1 ' , ' StudyStep ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' v1 ' , ' Var iab l e s ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' s1 ' , ' Stat i onary ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' su1 ' , ' Sto r eSo lu t i on ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' s t2 ' , ' StudyStep ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' v2 ' , ' Var iab l e s ' ) ;
model . s o l ( ' s o l 1 ' ) . c r e a t e ( ' t1 ' , 'Time ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( ' se1 ' , ' Segregated ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( 'd2 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( 'd3 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( 'd4 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( 'd5 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( ' i 1 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( ' i 2 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( ' i 3 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . c r e a t e ( ' i 4 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s1 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s2 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s3 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s4 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s5 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' l l 1 ' , '
LowerLimit ' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds1 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds21 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds31 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds32 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds22 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds33 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds34 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds23 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds35 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds36 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds24 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e . remove ( ' ssDef ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e . remove ( ' f cDe f ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' se1 ' , ' Segregated ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd2 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd3 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd4 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd5 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 1 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 2 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 3 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 4 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s1 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s2 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s3 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s4 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s5 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' l l 1 ' , '
LowerLimit ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds1 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds21 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds31 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds32 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds22 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds33 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds34 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds23 ' , '
SegregatedStep ' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds35 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds36 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds24 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e . remove ( ' ssDef ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e . remove ( ' f cDe f ' ) ;
model . s o l . c r e a t e ( ' s o l 3 ' ) ;
model . s o l ( ' s o l 3 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 3 ' ) . attach ( ' std2 ' ) ;
model . s o l ( ' s o l 3 ' ) . c r e a t e ( ' s t1 ' , ' StudyStep ' ) ;
model . s o l ( ' s o l 3 ' ) . c r e a t e ( ' v1 ' , ' Var iab l e s ' ) ;
model . s o l ( ' s o l 3 ' ) . c r e a t e ( ' t1 ' , 'Time ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' se1 ' , ' Segregated ' ) ;
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model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd2 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd3 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd4 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( 'd5 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 1 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 2 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 3 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' i 4 ' , ' I t e r a t i v e ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' s t1 ' , ' StopCondit ion ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . c r e a t e ( ' s t2 ' , ' StopCondit ion ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s1 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s2 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s3 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s4 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' s s5 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' l l 1 ' , '
LowerLimit ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds1 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds21 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds31 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds32 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds22 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds33 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds34 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds23 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds35 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds36 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . c r e a t e ( ' tds24 ' , '
SegregatedStep ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e . remove ( ' ssDef ' ) ;
291
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' sc1 ' , 'SCGS ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . c r e a t e ( 'mg1 ' , ' Mult ig r id '
) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . c r e a t e ( ' so1 ' , 'SOR ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . c r e a t e ( 'd1 ' , ' Direc t ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e . remove ( ' f cDe f ' ) ;
model . s o l . c r e a t e ( ' s o l 4 ' ) ;
model . s o l ( ' s o l 4 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 4 ' ) . l a b e l ( ' Parametric So l u t i on s 1 ' ) ;
model . s o l . c r e a t e ( ' s o l 5 ' ) ;
model . s o l ( ' s o l 5 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 5 ' ) . l a b e l ( ' Parametric So l u t i on s 2 ' ) ;
model . s o l . c r e a t e ( ' s o l 13 ' ) ;
model . s o l ( ' s o l 13 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 13 ' ) . l a b e l ( ' Parametric So l u t i on s 3 ' ) ;
model . s o l . c r e a t e ( ' s o l 14 ' ) ;
model . s o l ( ' s o l 14 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 14 ' ) . l a b e l ( ' Parametric So l u t i on s 4 ' ) ;
model . s o l . c r e a t e ( ' s o l 20 ' ) ;
model . s o l ( ' s o l 20 ' ) . study ( ' std2 ' ) ;
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model . s o l ( ' s o l 20 ' ) . l a b e l ( ' Parametric So l u t i on s 5 ' ) ;
model . s o l . c r e a t e ( ' s o l 26 ' ) ;
model . s o l ( ' s o l 26 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 26 ' ) . l a b e l ( ' Parametric So l u t i on s 6 ' ) ;
model . s o l . c r e a t e ( ' s o l 27 ' ) ;
model . s o l ( ' s o l 27 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 27 ' ) . l a b e l ( ' Parametric So l u t i on s 7 ' ) ;
model . s o l . c r e a t e ( ' s o l 33 ' ) ;
model . s o l ( ' s o l 33 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 33 ' ) . l a b e l ( ' Parametric So l u t i on s 8 ' ) ;
model . s o l . c r e a t e ( ' s o l 39 ' ) ;
model . s o l ( ' s o l 39 ' ) . study ( ' std2 ' ) ;
model . s o l ( ' s o l 39 ' ) . l a b e l ( ' Parametric So l u t i on s 9 ' ) ;
model . batch . c r e a t e ( 'p1 ' , ' Parametric ' ) ;
model . batch ( 'p1 ' ) . c r e a t e ( ' so1 ' , ' So lu t i on s eq ' ) ;
model . batch ( 'p1 ' ) . study ( ' std2 ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh1 ' , 'Average ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh2 ' , 'Average ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev1 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev2 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev3 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh3 ' , 'Average ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh4 ' , 'Average ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev4 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev5 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev6 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev7 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev8 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev9 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev10 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev11 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh5 ' , 'Average ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' avh6 ' , 'Average ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev12 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev13 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev14 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev15 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev16 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev17 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev18 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' j o i n 1 ' , ' Join ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev19 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev20 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev21 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev22 ' , 'Revolve2D ' ) ;
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model . r e s u l t . datase t . c r e a t e ( ' rev23 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev24 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev25 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev26 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev27 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev28 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev29 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' dset13 ' , ' So lu t i on ' ) ;
model . r e s u l t . datase t . c r e a t e ( ' rev30 ' , 'Revolve2D ' ) ;
model . r e s u l t . datase t ( ' dset3 ' ) . s e t ( ' probetag ' , 'bnd3 ' ) ;
model . r e s u l t . datase t ( ' avh1 ' ) . s e t ( ' probetag ' , 'bnd3 ' ) ;
model . r e s u l t . datase t ( ' avh1 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
model . r e s u l t . datase t ( ' avh1 ' ) . s e l e c t i o n . geom( 'geom1 ' , 1) ;
model . r e s u l t . datase t ( ' avh1 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . s e t ( ' probetag ' , 'bnd4 ' ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
model . r e s u l t . datase t ( ' dset4 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 3 ' ) ;
model . r e s u l t . datase t ( ' rev2 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t . datase t ( ' rev3 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t . datase t ( ' avh3 ' ) . s e t ( ' probetag ' , 'bnd1 ' ) ;
model . r e s u l t . datase t ( ' avh3 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
model . r e s u l t . datase t ( ' avh4 ' ) . s e t ( ' probetag ' , 'bnd2 ' ) ;
model . r e s u l t . datase t ( ' avh4 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
model . r e s u l t . datase t ( ' avh5 ' ) . s e t ( ' probetag ' , 'bnd5 ' ) ;
model . r e s u l t . datase t ( ' avh5 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . s e t ( ' probetag ' , 'bnd6 ' ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . s e t ( ' data ' , ' dset3 ' ) ;
model . r e s u l t . datase t ( ' dset5 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 4 ' ) ;
model . r e s u l t . datase t ( ' rev18 ' ) . s e t ( ' data ' , ' dset5 ' ) ;
model . r e s u l t . datase t ( ' j o i n 1 ' ) . s e t ( ' data ' , ' dset6 ' ) ;
model . r e s u l t . datase t ( ' j o i n 1 ' ) . s e t ( ' data2 ' , ' dset6 ' ) ;
model . r e s u l t . datase t ( ' rev19 ' ) . s e t ( ' data ' , ' dset5 ' ) ;
model . r e s u l t . datase t ( ' rev20 ' ) . s e t ( ' data ' , ' dset5 ' ) ;
model . r e s u l t . datase t ( ' rev21 ' ) . s e t ( ' data ' , ' dset5 ' ) ;
model . r e s u l t . datase t ( ' rev22 ' ) . s e t ( ' data ' , ' dset5 ' ) ;
model . r e s u l t . datase t ( ' dset6 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 5 ' ) ;
model . r e s u l t . datase t ( ' rev24 ' ) . s e t ( ' data ' , ' dset6 ' ) ;
model . r e s u l t . datase t ( ' dset7 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 13 ' ) ;
model . r e s u l t . datase t ( ' rev25 ' ) . s e t ( ' data ' , ' dset7 ' ) ;
model . r e s u l t . datase t ( ' dset8 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 14 ' ) ;
model . r e s u l t . datase t ( ' rev26 ' ) . s e t ( ' data ' , ' dset8 ' ) ;
model . r e s u l t . datase t ( ' dset9 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 20 ' ) ;
model . r e s u l t . datase t ( ' rev27 ' ) . s e t ( ' data ' , ' dset9 ' ) ;
model . r e s u l t . datase t ( ' dset10 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 26 ' ) ;
model . r e s u l t . datase t ( ' dset11 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 27 ' ) ;
model . r e s u l t . datase t ( ' rev28 ' ) . s e t ( ' data ' , ' dset11 ' ) ;
model . r e s u l t . datase t ( ' dset12 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 33 ' ) ;
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model . r e s u l t . datase t ( ' rev29 ' ) . s e t ( ' data ' , ' dset12 ' ) ;
model . r e s u l t . datase t ( ' dset13 ' ) . s e t ( ' s o l u t i o n ' , ' s o l 39 ' ) ;
model . r e s u l t . datase t ( ' rev30 ' ) . s e t ( ' data ' , ' dset13 ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev1 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev2 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev3 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev4 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev5 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' pev6 ' , ' EvalPoint ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' av1 ' , 'AvLine ' ) ;
model . r e s u l t . numerica l . c r e a t e ( 'max1 ' , 'MaxSurface ' ) ;
model . r e s u l t . numerica l . c r e a t e ( 'max2 ' , 'MaxSurface ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' av2 ' , 'AvSurface ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' av3 ' , 'AvLine ' ) ;
model . r e s u l t . numerica l . c r e a t e ( ' av4 ' , 'AvSurface ' ) ;
model . r e s u l t . numerica l ( ' pev1 ' ) . s e t ( ' probetag ' , 'bnd3 ' ) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' probetag ' , 'bnd1 ' ) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' probetag ' , 'bnd2 ' ) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' probetag ' , 'bnd4 ' ) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' probetag ' , 'bnd5 ' ) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' probetag ' , 'bnd6 ' ) ;
model . r e s u l t . numerica l ( ' av1 ' ) . s e t ( ' probetag ' , ' none ' ) ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e t ( ' probetag ' , ' none ' ) ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e t ( ' probetag ' , ' none ' ) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' data ' , ' dset6 ' ) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e l e c t i o n . s e t ( [ 3 ] ) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' probetag ' , ' none ' ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e l e c t i o n . s e t ( [ 1 0 ] ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' probetag ' , ' none ' ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' data ' , ' dset6 ' ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e l e c t i o n . s e t ( [ 2 ] ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' probetag ' , ' none ' ) ;
model . r e s u l t . c r e a t e ( ' pg33 ' , 'PlotGroup1D ' ) ;
model . r e s u l t . c r e a t e ( ' pg34 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg48 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg47 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg49 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg50 ' , 'PlotGroup1D ' ) ;
model . r e s u l t . c r e a t e ( ' pg52 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg53 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg51 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg55 ' , 'PlotGroup2D ' ) ;
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model . r e s u l t . c r e a t e ( ' pg56 ' , 'PlotGroup2D ' ) ;
model . r e s u l t . c r e a t e ( ' pg54 ' , 'PlotGroup2D ' ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' probetag ' , 'window1 ' ) ;
model . r e s u l t ( ' pg33 ' ) . c r e a t e ( ' tb lp1 ' , 'Table ' ) ;
model . r e s u l t ( ' pg33 ' ) . f e a t u r e ( ' tb lp1 ' ) . s e t ( ' probetag ' , 'pdom1/ppb1 , pdom2
/ppb2 , pdom3/ppb3 , pdom4/ppb4 , bnd1 , bnd2 , bnd3 , bnd4 , bnd5 , bnd6 ' ) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg34 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg34 ' ) . c r e a t e ( ' s u r f 2 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg34 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg48 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg48 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg48 ' ) . c r e a t e ( ' s u r f 2 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg48 ' ) . c r e a t e ( ' arws2 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg47 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg47 ' ) . c r e a t e ( ' s u r f 3 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg47 ' ) . c r e a t e ( ' s u r f 2 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg47 ' ) . c r e a t e ( ' con1 ' , 'Contour ' ) ;
model . r e s u l t ( ' pg49 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg49 ' ) . c r e a t e ( ' s u r f 2 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg49 ' ) . c r e a t e ( ' s u r f 3 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg49 ' ) . c r e a t e ( ' con2 ' , 'Contour ' ) ;
model . r e s u l t ( ' pg50 ' ) . c r e a t e ( ' glob1 ' , ' Global ' ) ;
model . r e s u l t ( ' pg52 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg52 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg52 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg53 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg53 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg53 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg51 ' ) . s e t ( ' data ' , ' dset7 ' ) ;
model . r e s u l t ( ' pg51 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg51 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg55 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg55 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg55 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg56 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg56 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg56 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' data ' , ' dset4 ' ) ;
model . r e s u l t ( ' pg54 ' ) . s e t ( ' data ' , ' dset13 ' ) ;
model . r e s u l t ( ' pg54 ' ) . c r e a t e ( ' s u r f 1 ' , ' Sur face ' ) ;
model . r e s u l t ( ' pg54 ' ) . c r e a t e ( ' arws1 ' , 'ArrowSurface ' ) ;
model . r e s u l t . export . c r e a t e ( ' p lo t1 ' , ' Plot ' ) ;
model . r e s u l t . export . c r e a t e ( ' p lo t2 ' , ' Plot ' ) ;
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model . r e s u l t . export . c r e a t e ( ' anim1 ' , 'Animation ' ) ;
model . component ( ' comp1 ' ) . probe ( 'bnd3 ' ) . genResult ( [ ] ) ;
model . nodeGroup . c r e a t e ( ' grp1 ' , ' Globa lDe f i n i t i on s ' ) ;
model . nodeGroup ( ' grp1 ' ) . s e t ( ' type ' , 'param ' ) ;
model . nodeGroup ( ' grp1 ' ) . p l a c eA f t e r ( [ ] ) ;
model . nodeGroup . c r e a t e ( ' grp2 ' , ' Globa lDe f i n i t i on s ' ) ;
model . nodeGroup ( ' grp2 ' ) . s e t ( ' type ' , ' func ' ) ;
model . nodeGroup ( ' grp2 ' ) . p l a c eA f t e r ( [ ] ) ;
model . nodeGroup . c r e a t e ( ' grp3 ' , ' Globa lDe f i n i t i on s ' ) ;
model . nodeGroup ( ' grp3 ' ) . p l a c eA f t e r ( [ ] ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . a c t i v e ( f a l s e ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' tun i t ' , 'ms ' ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' t l i s t ' , ' range (0 , 1 , 200) ' ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' u s e i n i t s o l ' , t rue ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' i n i t s t udy ' , ' std1 ' ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' solnum ' , ' auto ' ) ;
model . study ( ' std1 ' ) . f e a t u r e ( ' time ' ) . s e t ( 'mesh ' , { 'geom1 ' 'mesh1 ' }) ;
model . study ( ' std2 ' ) . f e a t u r e ( 'param ' ) . s e t ( 'pname ' , { 'T sub ' }) ;
model . study ( ' std2 ' ) . f e a t u r e ( 'param ' ) . s e t ( ' p l i s t a r r ' , { ' range
(313 ,10 ,353) ' }) ;
model . study ( ' std2 ' ) . f e a t u r e ( 'param ' ) . s e t ( ' punit ' , { 'K ' }) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' tun i t ' , 'ms ' ) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' t l i s t ' , ' range (1 ,1 , 1000) ' ) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' u s e i n i t s o l ' , t rue ) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' i n i t s t udy ' , ' std1 ' ) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' solnum ' , ' auto ' ) ;
model . study ( ' std2 ' ) . f e a t u r e ( ' time ' ) . s e t ( ' t imeadapt ion ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . attach ( ' std1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' c l i s t c t r l ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' cname ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' c l i s t ' , [ ] ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v1 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
scalemethod ' , 'manual ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v1 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
s c a l e v a l ' , 1 .1813136755324553E−6) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' aDef ' ) . s e t ( ' cachepattern ' ,
t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' maxseg i ter ' , 200) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' segtermonres ' ,
f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' s eg s tabacc ' , '
segc f l cmp ' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . l a b e l ( '
Al l v a r i a b l e s ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
segvar ' , { ' comp1 u ' ' comp1 p ' ' comp1 p2 ' ' comp1 spa t i a l d i sp ' '
comp1 T ' ' comp1 T2 ' ' comp1 u2 ' ' comp1 c EA a ' ' comp1 c EA d ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
subdamp ' , 0 . 5 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . l a b e l ( '
Spa t i a l mesh disp lacement ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
l i n s o l v e r ' , 'd2 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . l a b e l ( '
Heat t r a n s f e r T ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
segvar ' , { ' comp1 T ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
l i n s o l v e r ' , 'd3 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
subdamp ' , 0 . 5 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
segvar ' , { ' comp1 T2 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
l i n s o l v e r ' , 'd4 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
subdamp ' , 0 . 5 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . l a b e l ( '
Ve loc i ty u2 , Pressure p2 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
segvar ' , { ' comp1 u2 ' ' comp1 p2 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
l i n s o l v e r ' , 'd5 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
subdamp ' , 0 . 5 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' l l 1 ' ) . s e t ( '
l owe r l im i t ' , ' comp1 .T2 0 comp1 .T 0 ' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . l a b e l ( '
Segregated Step 1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . s e t ( '
segvar ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds21 ' ) . s e t ( '
segvar ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds21 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds31 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds32 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds22 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds33 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds34 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds23 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds35 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds36 ' ) . s e t ( '
segvar ' , { ' comp1 c EA a ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds36 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds24 ' ) . s e t ( '
segvar ' , { ' comp1 c EA d ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds24 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd3 ' ) . l a b e l ( 'PARDISO ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . l a b e l ( 'Geometric
Mul t ig r id ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . s e t ( ' rhob ' , 20) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . l a b e l ( 'Geometric
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . s e t ( ' rhob ' , 20) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s t2 ' ) . a c t i v e ( f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' s t2 ' ) . s e t ( ' s tudystep ' , ' time ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . a c t i v e ( t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' i n i t s o l ' , ' s o l 1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' solnum ' , ' auto ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' scalemethod ' , ' none ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' notsolmethod ' , ' s o l ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' no t s o l ' , ' s o l 1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . s e t ( ' notsolnum ' , ' auto ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
scalemethod ' , 'manual ' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' v2 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
s c a l e v a l ' , 1 .1813136755324553E−6) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' c on t r o l ' , ' time ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' tun i t ' , 'ms ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' t l i s t ' , ' range (0 , 1 , 200) ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' r t o l ' , 0 . 005 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l g l o b a l f a c t o r ' , 0 . 0 5 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' f i e l d s e l e c t i o n ' , ' comp1 p ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' atolmethod ' , { ' comp1 p ' ' s c a l ed ' '
comp1 p2 ' ' s c a l ed ' ' comp1 spa t i a l d i sp ' ' g l oba l ' ' comp1 T ' ' g l oba l '
' comp1 T2 ' ' g l oba l ' . . .
' comp1 u ' ' g l oba l ' ' comp1 u2 ' ' g l oba l ' ' comp1 c EA a ' ' g l oba l ' '
comp1 c EA d ' ' g l oba l ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' atolvaluemethod ' , { ' comp1 p ' '
f a c t o r ' ' comp1 p2 ' ' f a c t o r ' ' comp1 spa t i a l d i sp ' ' f a c t o r ' ' comp1 T '
' f a c t o r ' ' comp1 T2 ' ' f a c t o r ' . . .
' comp1 u ' ' f a c t o r ' ' comp1 u2 ' ' f a c t o r ' ' comp1 c EA a ' ' f a c t o r ' '
comp1 c EA d ' ' f a c t o r ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l f a c t o r ' , { ' comp1 p ' ' 1 ' '
comp1 p2 ' ' 1 ' ' comp1 spa t i a l d i sp ' ' 0 .1 ' ' comp1 T ' ' 0 .1 ' ' comp1 T2 '
' 0 .1 ' . . .
' comp1 u ' ' 0 .1 ' ' comp1 u2 ' ' 0 .1 ' ' comp1 c EA a ' ' 0 .1 ' ' comp1 c EA d ' '
0 .1 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l ' , { ' comp1 p ' ' 1e−3 ' ' comp1 p2
' ' 1e−3 ' ' comp1 spa t i a l d i sp ' ' 1e−3 ' ' comp1 T ' ' 1e−3 ' ' comp1 T2 ' ' 1e
−3 ' . . .
' comp1 u ' ' 1e−3 ' ' comp1 u2 ' ' 1e−3 ' ' comp1 c EA a ' ' 1e−3 ' ' comp1 c EA d '
' 1e−3 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' ato ludot ' , { ' comp1 p ' ' 1e−3 ' '
comp1 p2 ' ' 1e−3 ' ' comp1 spa t i a l d i sp ' ' 1e−3 ' ' comp1 T ' ' 1e−3 ' '
comp1 T2 ' ' 1e−3 ' . . .
' comp1 u ' ' 1e−3 ' ' comp1 u2 ' ' 1e−3 ' ' comp1 c EA a ' ' 1e−3 ' ' comp1 c EA d '
' 1e−3 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( 'maxorder ' , 2) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' s t ab cn t r l ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' bw in i t s t e p f r a c ' , 0 . 0 1 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' e s t r a t ' , ' exc lude ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' lumpedflux ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' eventout ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' aDef ' ) . s e t ( ' cachepattern ' ,
t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' n t o l f a c t ' , 0 . 5 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' s eg s tabacc ' , '
segaacc ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' segaaccdim ' , 5) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' segaaccmix ' , 0 . 9 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' s egaaccde lay ' , 1) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . l a b e l ( '
Ve loc i ty u , Pressure p ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
segvar ' , { ' comp1 u ' ' comp1 p ' ' comp1 p2 ' ' comp1 spa t i a l d i sp ' '
comp1 T ' ' comp1 T2 ' ' comp1 u2 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . l a b e l ( '
Heat t r a n s f e r T ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
segvar ' , { ' comp1 T ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
l i n s o l v e r ' , 'd2 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
subdamp ' , 0 . 7 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
sub j t ech ' , ' onevery ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . l a b e l ( '
Spa t i a l mesh disp lacement ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
segvar ' , { ' comp1 spa t i a l d i sp ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
l i n s o l v e r ' , 'd3 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
segvar ' , { ' comp1 T2 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
l i n s o l v e r ' , 'd4 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
subdamp ' , 0 . 7 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
sub j t ech ' , ' onevery ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . l a b e l ( '
Ve loc i ty u2 , Pressure p2 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
segvar ' , { ' comp1 u2 ' ' comp1 p2 ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
l i n s o l v e r ' , 'd5 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' l l 1 ' ) . s e t ( '
l owe r l im i t ' , ' comp1 .T2 0 comp1 .T 0 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . l a b e l ( '
Segregated Step 1 ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . s e t ( '
segvar ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds21 ' ) . s e t ( '
segvar ' , {}) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds36 ' ) . s e t ( '
segvar ' , { ' comp1 c EA a ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds24 ' ) . s e t ( '
segvar ' , { ' comp1 c EA d ' }) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . l a b e l ( 'PARDISO ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . l a b e l ( 'Geometric
Mul t ig r id ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . s e t ( ' rhob ' , 20) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
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model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . l a b e l ( 'Geometric
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . s e t ( ' rhob ' , 20) ;
model . s o l ( ' s o l 1 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 1 ' ) . runAl l ;
model . s o l ( ' s o l 3 ' ) . attach ( ' std2 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' i n i t s o l ' , ' s o l 1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' solnum ' , ' auto ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' scalemethod ' , ' none ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' re s sca l emethod ' , ' auto ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . s e t ( ' c l i s t ' , { ' range (0 ,1 , 1000) ' ' 1 . 0 [ms
] ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
scalemethod ' , 'manual ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' v1 ' ) . f e a t u r e ( ' comp1 spa t i a l d i sp ' ) . s e t ( '
s c a l e v a l ' , 1 .1813136755324553E−6) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' c on t r o l ' , ' user ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' tun i t ' , 'ms ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' t l i s t ' , ' range (0 ,1 , 1000) ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' r t o l ' , 0 . 005 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l g l o b a l f a c t o r ' , 0 . 0 5 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' f i e l d s e l e c t i o n ' , ' comp1 p ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' atolmethod ' , { ' comp1 p ' ' s c a l ed ' '
comp1 p2 ' ' s c a l ed ' ' comp1 spa t i a l d i sp ' ' g l oba l ' ' comp1 T ' ' g l oba l '
' comp1 T2 ' ' g l oba l ' . . .
' comp1 u ' ' g l oba l ' ' comp1 u2 ' ' g l oba l ' ' comp1 c EA a ' ' g l oba l ' '
comp1 c EA d ' ' g l oba l ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' atolvaluemethod ' , { ' comp1 p ' '
f a c t o r ' ' comp1 p2 ' ' f a c t o r ' ' comp1 spa t i a l d i sp ' ' f a c t o r ' ' comp1 T '
' f a c t o r ' ' comp1 T2 ' ' f a c t o r ' . . .
' comp1 u ' ' f a c t o r ' ' comp1 u2 ' ' f a c t o r ' ' comp1 c EA a ' ' f a c t o r ' '
comp1 c EA d ' ' f a c t o r ' }) ;
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model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l f a c t o r ' , { ' comp1 p ' ' 1 ' '
comp1 p2 ' ' 1 ' ' comp1 spa t i a l d i sp ' ' 0 .1 ' ' comp1 T ' ' 0 .1 ' ' comp1 T2 '
' 0 .1 ' . . .
' comp1 u ' ' 0 .1 ' ' comp1 u2 ' ' 0 .1 ' ' comp1 c EA a ' ' 0 .1 ' ' comp1 c EA d ' '
0 .1 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' a t o l ' , { ' comp1 p ' ' 1e−3 ' ' comp1 p2
' ' 1e−3 ' ' comp1 spa t i a l d i sp ' ' 1e−3 ' ' comp1 T ' ' 1e−3 ' ' comp1 T2 ' ' 1e
−3 ' . . .
' comp1 u ' ' 1e−3 ' ' comp1 u2 ' ' 1e−3 ' ' comp1 c EA a ' ' 1e−3 ' ' comp1 c EA d '
' 1e−3 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' ato ludot ' , { ' comp1 p ' ' 1e−3 ' '
comp1 p2 ' ' 1e−3 ' ' comp1 spa t i a l d i sp ' ' 1e−3 ' ' comp1 T ' ' 1e−3 ' '
comp1 T2 ' ' 1e−3 ' . . .
' comp1 u ' ' 1e−3 ' ' comp1 u2 ' ' 1e−3 ' ' comp1 c EA a ' ' 1e−3 ' ' comp1 c EA d '
' 1e−3 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( 'maxorder ' , 2) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' s t ab cn t r l ' , t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' bw in i t s t e p f r a c ' , 0 . 0 1 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' e s t r a t ' , ' exc lude ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' tout ' , ' t s t e p s ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' lumpedflux ' , t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . s e t ( ' eventout ' , t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' aDef ' ) . s e t ( ' cachepattern ' ,
t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' n t o l f a c t ' , 0 . 5 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' s eg s tabacc ' , '
segaacc ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' segaaccdim ' , 5) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' segaaccmix ' , 0 . 9 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . s e t ( ' s egaaccde lay ' , 1) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . l a b e l ( '
Al l v a r i a b l e s ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
segvar ' , { ' comp1 u ' ' comp1 p ' ' comp1 p2 ' ' comp1 spa t i a l d i sp ' '
comp1 T ' ' comp1 T2 ' ' comp1 u2 ' ' comp1 c EA a ' ' comp1 c EA d ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s1 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . l a b e l ( '
Heat t r a n s f e r T ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
segvar ' , { ' comp1 T ' }) ;
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model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
l i n s o l v e r ' , 'd2 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
subdamp ' , 0 . 7 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s2 ' ) . s e t ( '
sub j t ech ' , ' onevery ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . l a b e l ( '
Spa t i a l mesh disp lacement ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
segvar ' , { ' comp1 spa t i a l d i sp ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
l i n s o l v e r ' , 'd3 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s3 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
segvar ' , { ' comp1 T2 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
l i n s o l v e r ' , 'd4 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
subdamp ' , 0 . 7 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s4 ' ) . s e t ( '
sub j t ech ' , ' onevery ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . a c t i v e (
f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . l a b e l ( '
Ve loc i ty u2 , Pressure p2 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
segvar ' , { ' comp1 u2 ' ' comp1 p2 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
l i n s o l v e r ' , 'd5 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
subdamp ' , 0 . 8 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' s s5 ' ) . s e t ( '
sub j t ech ' , ' once ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' l l 1 ' ) . s e t ( '
l owe r l im i t ' , ' comp1 .T2 0 comp1 .T 0 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . l a b e l ( '
Segregated Step 1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . s e t ( '
segvar ' , {}) ;
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model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds1 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds21 ' ) . s e t ( '
segvar ' , {}) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds21 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds31 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds32 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds22 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds33 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds34 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds23 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds35 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds36 ' ) . s e t ( '
segvar ' , { ' comp1 c EA a ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds36 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds24 ' ) . s e t ( '
segvar ' , { ' comp1 c EA d ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' se1 ' ) . f e a t u r e ( ' tds24 ' ) . s e t ( '
l i n s o l v e r ' , 'd1 ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . l a b e l ( 'PARDISO ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd2 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd3 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so
' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( 'd5 ' ) . s e t ( ' p ivotper turb ' , 1 . 0E
−13) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ' ) ;
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model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 1 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . l a b e l ( 'Geometric
Mul t ig r id ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . s e t ( ' rhob ' , 20) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 2 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . l a b e l ( ' Algebra i c
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
prefun ' , ' saamg ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
saamgcompwise ' , t rue ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . s e t ( '
usesmooth ' , f a l s e ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
pr ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
po ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' r e l a x ' , 0 . 9 ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 3 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . l a b e l ( 'Geometric
Mul t ig r id ( ht2 ) ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . s e t ( ' rhob ' , 20) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' i 4 ' ) . f e a t u r e ( 'mg1 ' ) . f e a t u r e ( '
cs ' ) . f e a t u r e ( 'd1 ' ) . s e t ( ' l i n s o l v e r ' , ' pard i so ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t1 ' ) . s e t ( ' stopcondterminateon
' , { ' t rue ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t1 ' ) . s e t ( ' stopcondAct ive ' , { '
on ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t1 ' ) . s e t ( ' stopconddesc ' , { '
Stop expr e s s i on 1 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t1 ' ) . s e t ( ' s topcondarr ' , { '
comp1 . c AH a>=55[mol/mˆ3 ] ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t1 ' ) . s e t ( ' s t o r e s t op cond so l ' ,
' s t epbe f o r e ' ) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t2 ' ) . s e t ( ' stopcondterminateon
' , { ' t rue ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t2 ' ) . s e t ( ' stopcondAct ive ' , { '
on ' }) ;
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model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t2 ' ) . s e t ( ' stopconddesc ' , { '
Stop expr e s s i on 1 ' }) ;
model . s o l ( ' s o l 3 ' ) . f e a t u r e ( ' t1 ' ) . f e a t u r e ( ' s t2 ' ) . s e t ( ' s topcondarr ' , { '
comp1 . minop1 ( comp1 . c EA d )<=0 ' }) ;
model . s o l ( ' s o l 3 ' ) . runAl l ;
model . batch ( 'p1 ' ) . s e t ( ' c on t r o l ' , 'param ' ) ;
model . batch ( 'p1 ' ) . s e t ( 'pname ' , { 'T sub ' }) ;
model . batch ( 'p1 ' ) . s e t ( ' p l i s t a r r ' , { ' range (313 ,10 ,353) ' }) ;
model . batch ( 'p1 ' ) . s e t ( ' punit ' , { 'K ' }) ;
model . batch ( 'p1 ' ) . s e t ( ' e r r ' , t rue ) ;
model . batch ( 'p1 ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' seq ' , ' s o l 3 ' ) ;
model . batch ( 'p1 ' ) . f e a t u r e ( ' so1 ' ) . s e t ( ' pso l ' , ' s o l 39 ' ) ;
model . batch ( 'p1 ' ) . f e a t u r e ( ' so1 ' ) . s e t ( 'param ' , { ' ”T sub ” ,”313” ' ' ”T sub
” ,”323” ' ' ”T sub ” ,”333” ' ' ”T sub ” ,”343” ' ' ”T sub ” ,”353” ' }) ;
model . batch ( 'p1 ' ) . attach ( ' std2 ' ) ;
model . batch ( 'p1 ' ) . run ;
model . r e s u l t . datase t ( ' dset3 ' ) . l a b e l ( 'Probe So lu t i on 3 ' ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . l a b e l ( 'Boundary Probe 4 ' ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . s e t ( 'method ' , ' i n t e g r a t i o n ' ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . s e t ( ' i n t o r d e r a c t i v e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh2 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . datase t ( ' rev1 ' ) . l a b e l ( ' Revolut ion 2D ' ) ;
model . r e s u l t . datase t ( ' rev1 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev1 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev2 ' ) . l a b e l ( ' Revolut ion 2D 1 ' ) ;
model . r e s u l t . datase t ( ' rev2 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev2 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev3 ' ) . l a b e l ( ' Revolut ion 2D 2 ' ) ;
model . r e s u l t . datase t ( ' rev3 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev3 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' avh3 ' ) . l a b e l ( 'MassFlux AmmoniumHydroxide ' ) ;
model . r e s u l t . datase t ( ' avh3 ' ) . s e t ( 'method ' , ' i n t e g r a t i o n ' ) ;
model . r e s u l t . datase t ( ' avh3 ' ) . s e t ( ' i n t o r d e r a c t i v e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh3 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh4 ' ) . l a b e l ( 'EvaporativeFlux AmmoniumHydroxide ' )
;
model . r e s u l t . datase t ( ' avh4 ' ) . s e t ( 'method ' , ' i n t e g r a t i o n ' ) ;
model . r e s u l t . datase t ( ' avh4 ' ) . s e t ( ' i n t o r d e r a c t i v e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh4 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . datase t ( ' rev4 ' ) . l a b e l ( ' Revolut ion 2D 3 ' ) ;
model . r e s u l t . datase t ( ' rev4 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev4 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev5 ' ) . l a b e l ( ' Revolut ion 2D 4 ' ) ;
model . r e s u l t . datase t ( ' rev5 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev5 ' ) . s e t ( ' r evang l e ' , 225) ;
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model . r e s u l t . datase t ( ' rev6 ' ) . l a b e l ( ' Revolut ion 2D 5 ' ) ;
model . r e s u l t . datase t ( ' rev6 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev6 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev7 ' ) . l a b e l ( ' Revolut ion 2D 6 ' ) ;
model . r e s u l t . datase t ( ' rev7 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev7 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev8 ' ) . l a b e l ( ' Revolut ion 2D 7 ' ) ;
model . r e s u l t . datase t ( ' rev8 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev8 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev9 ' ) . l a b e l ( ' Revolut ion 2D 8 ' ) ;
model . r e s u l t . datase t ( ' rev9 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev9 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev10 ' ) . l a b e l ( ' Revolut ion 2D 9 ' ) ;
model . r e s u l t . datase t ( ' rev10 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev10 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev11 ' ) . l a b e l ( ' Revolut ion 2D 10 ' ) ;
model . r e s u l t . datase t ( ' rev11 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev11 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' avh5 ' ) . l a b e l ( 'MassFlux FormicAcid ' ) ;
model . r e s u l t . datase t ( ' avh5 ' ) . s e t ( 'method ' , ' i n t e g r a t i o n ' ) ;
model . r e s u l t . datase t ( ' avh5 ' ) . s e t ( ' i n t o r d e r a c t i v e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh5 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . l a b e l ( ' EvaporativeFlux FormicAcid ' ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . s e t ( 'method ' , ' i n t e g r a t i o n ' ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . s e t ( ' i n t o r d e r a c t i v e ' , t rue ) ;
model . r e s u l t . datase t ( ' avh6 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . datase t ( ' rev12 ' ) . l a b e l ( ' Revolut ion 2D 11 ' ) ;
model . r e s u l t . datase t ( ' rev12 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev12 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev13 ' ) . l a b e l ( ' Revolut ion 2D 12 ' ) ;
model . r e s u l t . datase t ( ' rev13 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev13 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev14 ' ) . l a b e l ( ' Revolut ion 2D 13 ' ) ;
model . r e s u l t . datase t ( ' rev14 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev14 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev15 ' ) . l a b e l ( ' Revolut ion 2D 14 ' ) ;
model . r e s u l t . datase t ( ' rev15 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev15 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev16 ' ) . l a b e l ( ' Revolut ion 2D 15 ' ) ;
model . r e s u l t . datase t ( ' rev16 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev16 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev17 ' ) . l a b e l ( ' Revolut ion 2D 16 ' ) ;
model . r e s u l t . datase t ( ' rev17 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev17 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev18 ' ) . l a b e l ( ' Revolut ion 2D 17 ' ) ;
model . r e s u l t . datase t ( ' rev18 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev18 ' ) . s e t ( ' r evang l e ' , 225) ;
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model . r e s u l t . datase t ( ' j o i n 1 ' ) . s e t ( ' s o l u t i o n s 2 ' , ' one ' ) ;
model . r e s u l t . datase t ( ' rev19 ' ) . l a b e l ( ' Revolut ion 2D 18 ' ) ;
model . r e s u l t . datase t ( ' rev19 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev19 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev20 ' ) . l a b e l ( ' Revolut ion 2D 19 ' ) ;
model . r e s u l t . datase t ( ' rev20 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev20 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev21 ' ) . l a b e l ( ' Revolut ion 2D 20 ' ) ;
model . r e s u l t . datase t ( ' rev21 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev21 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev22 ' ) . l a b e l ( ' Revolut ion 2D 21 ' ) ;
model . r e s u l t . datase t ( ' rev22 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev22 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev23 ' ) . l a b e l ( ' Revolut ion 2D 22 ' ) ;
model . r e s u l t . datase t ( ' rev23 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev23 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev24 ' ) . l a b e l ( ' Revolut ion 2D 23 ' ) ;
model . r e s u l t . datase t ( ' rev24 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev24 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev25 ' ) . l a b e l ( ' Revolut ion 2D 24 ' ) ;
model . r e s u l t . datase t ( ' rev25 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev25 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev26 ' ) . l a b e l ( ' Revolut ion 2D 25 ' ) ;
model . r e s u l t . datase t ( ' rev26 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev26 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev27 ' ) . l a b e l ( ' Revolut ion 2D 26 ' ) ;
model . r e s u l t . datase t ( ' rev27 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev27 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev28 ' ) . l a b e l ( ' Revolut ion 2D 27 ' ) ;
model . r e s u l t . datase t ( ' rev28 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev28 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev29 ' ) . l a b e l ( ' Revolut ion 2D 28 ' ) ;
model . r e s u l t . datase t ( ' rev29 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev29 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . datase t ( ' rev30 ' ) . l a b e l ( ' Revolut ion 2D 29 ' ) ;
model . r e s u l t . datase t ( ' rev30 ' ) . s e t ( ' s t a r t a n g l e ' , −90) ;
model . r e s u l t . datase t ( ' rev30 ' ) . s e t ( ' r evang l e ' , 225) ;
model . r e s u l t . numerica l ( ' pev1 ' ) . s e t ( ' un i t ' , { ' ' }) ;
model . r e s u l t . numerica l ( ' pev1 ' ) . s e t ( ' desc r ' , { ' Concentrat ion ' '
Temperature ' }) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . l a b e l ( 'MassFlux AmmoniumHydroxide ' ) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' data ' , ' avh3 ' ) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' )
;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' a l l ' }) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
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model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' expr ' , { 'mf AH ' }) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' un i t ' , { ' ' }) ;
model . r e s u l t . numerica l ( ' pev2 ' ) . s e t ( ' desc r ' , { '
MassFlux AmmoniumHydroxide ' }) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . l a b e l ( 'EvaporativeFlux AmmoniumHydroxide
' ) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' data ' , ' avh4 ' ) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' )
;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' a l l ' }) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' expr ' , { ' h evap AH ' }) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' un i t ' , { ' ' }) ;
model . r e s u l t . numerica l ( ' pev3 ' ) . s e t ( ' desc r ' , { '
EvaporativeFlux AmmoniumHydroxide ' }) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . l a b e l ( 'Boundary Probe 4 ' ) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' data ' , ' avh2 ' ) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' )
;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' a l l ' }) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' expr ' , { ' c AH d ' }) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' un i t ' , { ' ' }) ;
model . r e s u l t . numerica l ( ' pev4 ' ) . s e t ( ' desc r ' , { ' Concentrat ion ' '
Temperature ' }) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . l a b e l ( 'MassFlux FormicAcid ' ) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' data ' , ' avh5 ' ) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' )
;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' a l l ' }) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' expr ' , { 'mf FA ' }) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' un i t ' , { ' ' }) ;
model . r e s u l t . numerica l ( ' pev5 ' ) . s e t ( ' desc r ' , { 'MassFlux FormicAcid ' }) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . l a b e l ( ' EvaporativeFlux FormicAcid ' ) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' data ' , ' avh6 ' ) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' )
;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' a l l ' }) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' t ab l e ' , ' tb l 1 ' ) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' expr ' , { ' h evap FA ' }) ;
model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' un i t ' , { ' ' }) ;
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model . r e s u l t . numerica l ( ' pev6 ' ) . s e t ( ' desc r ' , { '
EvaporativeFlux FormicAcid ' }) ;
model . r e s u l t . numerica l ( ' av1 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t . numerica l ( ' av1 ' ) . s e t ( ' t ab l e ' , ' tb l 9 ' ) ;
model . r e s u l t . numerica l ( ' av1 ' ) . s e t ( ' expr ' , { ' tds . ndf lux c AH a ' ' tds2 .
ndf lux c AH d ' }) ;
model . r e s u l t . numerica l ( ' av1 ' ) . s e t ( ' un i t ' , { ' ' ' ' }) ;
model . r e s u l t . numerica l ( ' av1 ' ) . s e t ( ' desc r ' , { 'Normal d i f f u s i v e f l u x ' '
Normal d i f f u s i v e f l u x ' }) ;
model . r e s u l t . numerica l ( ' av1 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . numerica l ( 'max1 ' ) . l a b e l ( 'MaxConcAmmonia−Droplet ' ) ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e t ( ' t ab l e ' , ' tb l10 ' ) ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e t ( ' expr ' , { 'maxop1( c AH d ) ' }) ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e t ( ' un i t ' , { ' ' }) ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e t ( ' desc r ' , { ' Concentrat ion ' }) ;
model . r e s u l t . numerica l ( 'max2 ' ) . l a b e l ( 'MaxConcAmmonia−Air ' ) ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e t ( ' t ab l e ' , ' tb l11 ' ) ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e t ( ' expr ' , { 'maxop2( c AH a ) ' ' ' }) ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e t ( ' un i t ' , { ' ' ' ' }) ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e t ( ' desc r ' , { 'Maximum 2 ' ' ' }) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' l a s t ' ' l a s t ' }) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' t ab l e ' , ' tb l12 ' ) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' expr ' , { ' aveop2 (T2) ' ' aveop2 ( sp f2 .U)
' ' aveop2 ( c AH a ) ' }) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' un i t ' , { 'K ' 'm/s ' ' ' }) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' desc r ' , { 'Average 2 ' 'Average 2 ' '
Average 2 ' }) ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e t ( ' intvolume ' , t rue ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { 'manual ' }) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' t ab l e ' , ' tb l13 ' ) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' expr ' , { ' aveop3 ( c AH d ) ' }) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' un i t ' , { ' ' }) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' desc r ' , { 'Average 3 ' }) ;
model . r e s u l t . numerica l ( ' av3 ' ) . s e t ( ' i n t s u r f a c e ' , t rue ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' i n t e rp ' ' l a s t ' }) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' i n t e rp ' , { ' 169 .31 ' ' ' }) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' t ab l e ' , ' tb l15 ' ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' t a b l e c o l s ' , ' outer ' ) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' expr ' , { ' aveop1 ( c AH d ) ' }) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' un i t ' , { ' ' }) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' desc r ' , { 'Average 1 ' }) ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e t ( ' intvolume ' , t rue ) ;
model . r e s u l t . numerica l ( ' pev1 ' ) . s e tRe su l t ;
model . r e s u l t . numerica l ( 'max1 ' ) . s e tRe su l t ;
model . r e s u l t . numerica l ( 'max2 ' ) . s e tRe su l t ;
model . r e s u l t . numerica l ( ' av2 ' ) . s e tRe su l t ;
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model . r e s u l t . numerica l ( ' av3 ' ) . s e tRe su l t ;
model . r e s u l t . numerica l ( ' av4 ' ) . s e tRe su l t ;
model . r e s u l t ( ' pg33 ' ) . l a b e l ( 'Probe Plot Group 33 ' ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' x l ab e l ' , 'Time (ms) ' ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' y l ab e l ' , ' Concentrat ion , Boundary Probe 3 ' ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' windowt i t l e ' , 'Probe Plot 1 ' ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' x l a b e l a c t i v e ' , f a l s e ) ;
model . r e s u l t ( ' pg33 ' ) . s e t ( ' y l a b e l a c t i v e ' , f a l s e ) ;
model . r e s u l t ( ' pg33 ' ) . f e a t u r e ( ' tb lp1 ' ) . l a b e l ( 'Probe Table Graph 1 ' ) ;
model . r e s u l t ( ' pg33 ' ) . f e a t u r e ( ' tb lp1 ' ) . s e t ( ' l egend ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . l a b e l ( 'AllDomainTemperature ' ) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' l o o p l e v e l ' , [ 6 0 ] ) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' view ' , ' view13 ' ) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' frametype ' , ' geometry ' ) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . s e t ( ' showlegendsunit ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e t y p e ' , 'manual ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e ' , ' Temperature (K
) ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangeco lormin ' , 'T amb ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangecolormax ' , 'T sub ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' expr ' , 'T2 ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' t i t l e t y p e ' , ' none ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' rangeco lormin ' , 'T amb ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' rangecolormax ' , 'T sub ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' c o l o r l e g end ' , f a l s e ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 100) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 100) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg34 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' white ' ) ;
model . r e s u l t ( ' pg48 ' ) . l a b e l ( ' AllDomainVelocity ' ) ;
model . r e s u l t ( ' pg48 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg48 ' ) . s e t ( ' edges ' , f a l s e ) ;
model . r e s u l t ( ' pg48 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . s e t ( ' showlegendsunit ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' sp f .U ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , 'm/s ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
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model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e t y p e ' , 'manual ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e ' , ' Ve loc i ty (m/ s )
' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangecolormax ' , 0 . 4 3 ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' expr ' , ' sp f2 .U ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' un i t ' , 'm/s ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' desc r ' , 'Air ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' t i t l e t y p e ' , ' none ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' rangecolormax ' , 0 . 4 3 ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' c o l o r l e g end ' , f a l s e ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' t i t l e t y p e ' , ' none ' ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( 'xnumber ' , 100) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( 'ynumber ' , 100) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg48 ' ) . f e a t u r e ( ' arws2 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t ( ' pg47 ' ) . l a b e l ( ' Concentrat ion−Ethylamine ' ) ;
model . r e s u l t ( ' pg47 ' ) . s e t ( ' l o o p l e v e l ' , [ 6 0 ] ) ;
model . r e s u l t ( ' pg47 ' ) . s e t ( ' edges ' , f a l s e ) ;
model . r e s u l t ( ' pg47 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg47 ' ) . s e t ( ' showlegendsunit ' , t rue ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' expr ' , ' c EA d ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' un i t ' , 'M' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' t i t l e t y p e ' , 'manual ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' t i t l e ' , ' Concentrat ion
(M) ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' expr ' , ' c EA a ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' un i t ' , 'M' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' de s c r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' t i t l e t y p e ' , 'manual ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' t i t l e ' , ' Concentrat ion
(M) ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' c o l o r l e g end ' , f a l s e ) ;
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model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . s e t ( ' expr ' , ' c AH d ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . s e t ( ' un i t ' , ' ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . s e t ( ' c o l o r i n g ' , ' uniform ' ) ;
model . r e s u l t ( ' pg47 ' ) . f e a t u r e ( ' con1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg49 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg49 ' ) . l a b e l ( ' Concentrat ion−FormicAcid ' ) ;
model . r e s u l t ( ' pg49 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg49 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg49 ' ) . s e t ( ' showlegendsunit ' , t rue ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' expr ' , ' c FA a ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' un i t ' , ' ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' rangecolormax ' , 3 . 6 ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 2 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' expr ' , ' c FA d ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' un i t ' , ' ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' rangecolormax ' , 3 . 6 ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' s u r f 3 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' con2 ' ) . s e t ( ' expr ' , ' c FA d ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' con2 ' ) . s e t ( ' un i t ' , ' ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' con2 ' ) . s e t ( ' desc r ' , ' Concentrat ion ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' con2 ' ) . s e t ( ' c o l o r i n g ' , ' uniform ' ) ;
model . r e s u l t ( ' pg49 ' ) . f e a t u r e ( ' con2 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg50 ' ) . l a b e l ( 'ParametricSweep ' ) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' data ' , ' j o i n 1 ' ) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' ) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' l a s t ' ' a l l ' }) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' x l ab e l ' , ' e l ement s pe r BL th i ckne s s v (Number
o f e lements per boundary l ay e r ) ' ) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' l egendpos ' , ' l owe r r i gh t ' ) ;
model . r e s u l t ( ' pg50 ' ) . s e t ( ' x l a b e l a c t i v e ' , f a l s e ) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' data ' , ' j o i n 1 ' ) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' l o o p l e v e l i n pu t ' , { ' l a s t ' '
a l l ' }) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' expr ' , { ' aveop2 (T2) ' ' aveop2
( sp f2 .U) ' ' aveop2 ( c AH a ) ' }) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' un i t ' , { 'K ' 'm/s ' ' ' }) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' desc r ' , { 'Average 2 ' '
Average 2 ' 'Average 2 ' }) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' xdatasolnumtype ' , ' outer ' ) ;
316
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' l inemarker ' , ' c i r c l e ' ) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( 'markerpos ' , ' datapo int s ' ) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' autoexpr ' , t rue ) ;
model . r e s u l t ( ' pg50 ' ) . f e a t u r e ( ' glob1 ' ) . s e t ( ' autouni t ' , t rue ) ;
model . r e s u l t ( ' pg52 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg52 ' ) . l a b e l ( ' React ionKinet i c s−Thermal−Walkers ' ) ;
model . r e s u l t ( ' pg52 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . l a b e l ( ' Sur face − Thermal ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' rrW thermal (T, c AH d
) ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , ' ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , 'ReactionRate −
Thermal ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e ' , 'GrayScale ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e r e v ' , t rue ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 50) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 50) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' arrowlength ' , ' l o ga r i thmi c ' )
;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' l og range ' , 10) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg52 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t ( ' pg53 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg53 ' ) . l a b e l ( ' React ionKinet i c s−Pre c i p i t a t i on−Walkers ' ) ;
model . r e s u l t ( ' pg53 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' l o o p l e v e l ' , [ 1 ] ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' r rW pre c ip i t a t i on (T,
c AH d ) ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , ' ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , 'ReactionRate −
Pr e c i p i t a t i o n ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangecolormax ' , '
c p r e c i p i t a t i o n ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e ' , 'GrayScale ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 50) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 50) ;
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model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' arrowlength ' , ' l o ga r i thmi c ' )
;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' l og range ' , 10) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg53 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t ( ' pg51 ' ) . a c t i v e ( f a l s e ) ;
model . r e s u l t ( ' pg51 ' ) . l a b e l ( ' React ionKinet i c s−Total−Walkers ' ) ;
model . r e s u l t ( ' pg51 ' ) . s e t ( ' s o l r e p r e s e n t a t i o n ' , ' s o l u t i o n i n f o ' ) ;
model . r e s u l t ( ' pg51 ' ) . s e t ( ' edges ' , f a l s e ) ;
model . r e s u l t ( ' pg51 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg51 ' ) . s e t ( ' showlegendsunit ' , t rue ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' r rW tota l (T, c AH d ) '
) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , ' ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , ' r rW tota l (T, c AH d )
' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e t y p e ' , 'manual ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e ' , ' Total r e a c t i on
ra t e (mol /(mˆ3∗ s ) ) ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangeco lormin ' , ' 1 .86 e−12 ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangecolormax ' , '
r r In s t an taneou s ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e r e v ' , t rue ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' t i t l e t y p e ' , ' none ' ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 50) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 50) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' arrowlength ' , ' l o ga r i thmi c ' )
;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' l og range ' , 10) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg51 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t ( ' pg55 ' ) . l a b e l ( ' React ionKinet i c s−Thermal−Gaitans ' ) ;
model . r e s u l t ( ' pg55 ' ) . s e t ( ' l o o p l e v e l ' , [ 6 0 ] ) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' s u r f 1 ' ) . l a b e l ( ' Sur face − Thermal ' ) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' l o o p l e v e l ' , { ' i n t e rp ' }) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t Index ( ' i n t e rp ' , ' 99 ' , 0) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' rrG thermal (T, c EA d
) ' ) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , 'mol /(mˆ3∗ s ) ' ) ;
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model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , 'ReactionRate −
Thermal − Gaitans ' ) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e ' , 'GrayScale ' ) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e r e v ' , t rue ) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 50) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 50) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' arrowlength ' , ' l o ga r i thmi c ' )
;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' l og range ' , 10) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg55 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t ( ' pg56 ' ) . l a b e l ( ' React ionKinet i c s−Pre c i p i t a t i on−Gaitans ' ) ;
model . r e s u l t ( ' pg56 ' ) . s e t ( ' l o o p l e v e l ' , [ 2 ] ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' l o o p l e v e l ' , [ 6 0 ] ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' r rG p r e c i p i t a t i o n (T,
c EA d ) ' ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , 'ReactionRate −
Pr e c i p i t a t i o n − Gaitans ' ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangecolormax ' , '
c p r e c i p i t a t i o n G ' ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e ' , 'GrayScale ' ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 50) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 50) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' arrowlength ' , ' l o ga r i thmi c ' )
;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' l og range ' , 10) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg56 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t ( ' pg54 ' ) . l a b e l ( ' React ionKinet i c s−Total−Gaitans ' ) ;
model . r e s u l t ( ' pg54 ' ) . s e t ( ' l o o p l e v e l ' , { ' i n t e rp ' ' 1 ' }) ;
model . r e s u l t ( ' pg54 ' ) . s e t Index ( ' i n t e rp ' , ' 460 ' , 0) ;
model . r e s u l t ( ' pg54 ' ) . s e t ( ' edges ' , f a l s e ) ;
model . r e s u l t ( ' pg54 ' ) . s e t ( ' showlegendsmaxmin ' , t rue ) ;
model . r e s u l t ( ' pg54 ' ) . s e t ( ' showlegendsunit ' , t rue ) ;
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model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' expr ' , ' r rG to t a l (T, c EA d ) '
) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' un i t ' , 'mol /(mˆ3∗ s ) ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' desc r ' , ' Reaction Rate −
Total − Gaitans ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e t y p e ' , 'manual ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' t i t l e ' , ' Total r e a c t i on
ra t e (mol /(mˆ3∗ s ) ) ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r ang e c o l o r a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangeco lormin ' , −3.6) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' rangecolormax ' , 8 . 6 ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' c o l o r t a b l e r e v ' , t rue ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' s u r f 1 ' ) . s e t ( ' r e s o l u t i o n ' , ' normal ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' expr ' , { 'u ' 'w ' }) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' desc r ' , ' Ve loc i ty f i e l d (
s p a t i a l frame ) ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' t i t l e t y p e ' , ' none ' ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'xnumber ' , 50) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( 'ynumber ' , 50) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' arrowlength ' , ' l o ga r i thmi c ' )
;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' l og range ' , 10) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e ' , 10) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' s c a l e a c t i v e ' , t rue ) ;
model . r e s u l t ( ' pg54 ' ) . f e a t u r e ( ' arws1 ' ) . s e t ( ' c o l o r ' , ' gray ' ) ;
model . r e s u l t . export ( ' p lo t1 ' ) . s e t ( ' plotgroup ' , ' pg50 ' ) ;
model . r e s u l t . export ( ' p lo t1 ' ) . s e t ( ' p lo t ' , ' glob1 ' ) ;
model . r e s u l t . export ( ' p lo t1 ' ) . s e t ( ' f i l ename ' , ' /Users /equipment−
d s c f t i r t g a /Desktop/MeshConvergence−Air7e lements v4 . csv ' ) ;
model . r e s u l t . export ( ' p lo t2 ' ) . s e t ( ' plotgroup ' , ' pg50 ' ) ;
model . r e s u l t . export ( ' p lo t2 ' ) . s e t ( ' p lo t ' , ' glob1 ' ) ;
model . r e s u l t . export ( ' p lo t2 ' ) . s e t ( ' f i l ename ' , ' /Users /equipment−
d s c f t i r t g a /Desktop/MeshConvergence−Droplet v2 . csv ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' plotgroup ' , ' pg54 ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' t a r g e t ' , ' p laye r ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' solnumtype ' , ' i nne r ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' solnum ' , [ 1 2 3 4 5 6 7 8 9 10 11 12
13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57
58 59 60 ] ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' showframe ' , 2) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' shownparameter ' , 'T sub=313 , Time
=5.5401E−4 ms ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' t i t l e ' , ' on ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' l egend ' , ' on ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' l ogo ' , ' o f f ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' opt ions ' , ' o f f ' ) ;
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model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' f o n t s i z e ' , ' 14 ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' customcolor ' , [ 1 1 1 ] ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' background ' , ' c o l o r ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' a x i s o r i e n t a t i o n ' , ' o f f ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' g r id ' , ' o f f ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' axes ' , ' o f f ' ) ;
model . r e s u l t . export ( ' anim1 ' ) . s e t ( ' showgrid ' , ' on ' ) ;
model . nodeGroup ( ' grp1 ' ) . l a b e l ( 'Parameters / Var i ab l e s ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' de f au l t ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par2 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par3 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par4 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par5 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par6 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par7 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par8 ' ) ;
model . nodeGroup ( ' grp1 ' ) . add ( 'param ' , ' par9 ' ) ;
model . nodeGroup ( ' grp2 ' ) . l a b e l ( ' Satura t i onConcent ra t i onCa l cu l a t i on s ' ) ;
model . nodeGroup ( ' grp2 ' ) . add ( ' func ' , ' an3 ' ) ;
model . nodeGroup ( ' grp2 ' ) . add ( ' func ' , ' an4 ' ) ;
model . nodeGroup ( ' grp2 ' ) . add ( ' func ' , ' an5 ' ) ;
model . nodeGroup ( ' grp2 ' ) . add ( ' func ' , ' an6 ' ) ;
model . nodeGroup ( ' grp2 ' ) . add ( ' func ' , ' an10 ' ) ;
model . nodeGroup ( ' grp2 ' ) . add ( ' func ' , ' an11 ' ) ;
model . nodeGroup ( ' grp3 ' ) . l a b e l ( ' React i onKine t i c s ' ) ;
model . nodeGroup ( ' grp3 ' ) . add ( 'param ' , ' par10 ' ) ;
model . nodeGroup ( ' grp3 ' ) . add ( ' func ' , ' an7 ' ) ;
model . nodeGroup ( ' grp3 ' ) . add ( ' func ' , ' an8 ' ) ;
model . nodeGroup ( ' grp3 ' ) . add ( ' func ' , ' an9 ' ) ;
model . nodeGroup ( ' grp3 ' ) . add ( ' func ' , ' an12 ' ) ;
model . nodeGroup ( ' grp3 ' ) . add ( ' func ' , ' an13 ' ) ;
model . nodeGroup ( ' grp3 ' ) . add ( ' func ' , ' an14 ' ) ;
out = model ;
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